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VOLUME    I 


WASHINGTON: 

OOVBBNMENT   PBINTINa  OFFICE. 

1881. 


In  thb  Sbkatr  of  the  UmTKD  States, 

May  5,  1880. 

The  following  resolution  was  agreed  to  by  the  Senate  December  16,  1879,  and  con- 
curred in  by  the  House  of  Representatives  May  5,  1880 : 

Evolved  by  the  Senate,  the  House  of  Bepreaentaiivea  oonourring,  That  three  thousand 
copies  of  the  report  of  the  Board  to  Test  Iron,  Steel,  and  Other  Metals  be  printed  for 
the  use  of  Congress,  one  thousand  for  the  use  of  the  Senate  and  two  thousand  for  the 
use  of  the  House.  * 

Attest:  JNO.  C.  BUBCH, 

Secrekury. 


REPORT 


United  States  Boaed  foe  Testing  Ieon,  Steel,  &o., 

WaterUmn  Arsenalj  Maas,^  June  »,  1878. 

Sie  :  I  have  the  honor  to  report  that  the  Board  for  Testing  Iron,  Steel, 
and  Other  Metals,  appointed  by  the  President  of  the  United  States  in 
his  order  dated  Executive  Mansion,  March  25, 1875,  in  accordance  with 
the  provisions  of  the  fourth  section  of  the  act  entitled  "An  act  making 
appropriations  for  sundry  civil  expenses  of  the  government  for  the  fiscal 
year  ending  June  30, 1876,  and  for  other  purposes,"  approved  March  3, 
1875,  met  at  Watertown  arsenal,  Mass.,  on  the  15th  of  April,  1875. 

There  were  present  Lieut.  Col.  T.  T.  S.  Laidley,  Ordnance  Department, 
U.  S.  A.,  president  of  the  Board;  Commander  L.  A.  Beardslee,  U.  S.  N.; 
Lieut.  Col.  Q.  A.  Gillmore,  Engineer  Department  U.  S.  A. ;  David  Smith, 
chief  engineer  U.  S.  IS.)  W.  Sooy  Smith,  civU  engineer;  A.  L.  Holley, 
civil  engineer;  R.  H.  Thurston,  civil  engineer. 

The  instructions  of  the  Board  prescribed  their  duties,  which  were  to 
"determine,  by  actual  tests,  the  strength  and  value  of  all  kinds  of  iron, 
steel,  and  other  metals  which  may  be  submitted  to  them,  or  by  them 
procured,  and  to  prepare  tables  which  will  exhibit  the  strength  and  value 
of  said  materials  for  construction  and  mechanical  purposes,  and  to  pro- 
vide for  the  building  of  a  suitable  m^^chine  for  establishing  such  tests, 
the  machine  to  be  set  up  and  maintained  at  the  Watertown  arsenal." 

The  Board  proceeded  to  organize  committees  which  were  charged  with 
the  prosecution  of  such  work  as  could  be  carried  on  with  the  means  at 
the  command  of  the  Board,  and  with  such  machines'  as  could  be  made 
available  for  the  purposes  during  the  time  that  the  large  testing-machine 
should  be  in  process  of  construction.  < 

To  these  committees  was  severally  refefred  the  consideration  of  the 
following  subjects: 

Abrasion  and  wear. — To  examine  and  report  upon  the  abrasion  and 
wear  of  railway  wheels,  axles,  rails,  and  other  materials  under  the  con- 
ditions of  actual  use. 

Armor  plate. — To  make  tests  of  armor-plate;  to  collect  data  derived 
from  experiments  alrea<ly  made  to  determine  the  characteristics  of  metal 
suitable  for  such  use. 

Chemical  research. — ^To  plan  and  conduct  investigations  of  the  mutual 
relations  of  the  chemical  and  mechanical  properties  of  metals. 

Chains  and  wire  ropes. — ^To  determine  the  character  of  iron  best  adapted 
for  chain  cables;  the  best  form  and  proportions  of  link,  and  the  qualities 
of  metal  used  in  the  manufacture  of  iron  and  steel  wire  rope. 

Corrosion  of  metals. — ^To  investigate  the  subject  of  the  corrosion  of 
metals  under  the  conditions  of  actual  use. 

Tlie  effects  of  temperature. — To  investigate  the  effects  of  variations  of 
temperature  upon  the  strength  and  other  qualities  of  iron,  steel,  and  other 
inetals. 

Oirders  and  columns. — To  arrange  and  conduct  experiments  to  deter- 
mine the  laws  of  resistance  of  beams,  girders,  and  columns  to  change  of 
form  and  to  fracture. 
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Iron^  malleable. — To  examine  and  report  ni)on  the  mechanical  and 
physical  properties  of  wrought  iron. 

Iron^  cast. — ^To  consider  and  report  upon  the  mechanical  and  physical 
properties  of  cast  iron. 

Metallic  alloys. — ^To  assume  charge  of  a  series  of  experiments  on  the 
characteristics  of  alloys  and  an  investigation  of  the  laws  of  combination. 

Orthogonal  simultaneous  strains. — ^To  plan  and  conduct  a  series  of  ex- 
periments on  simultaneous  orthogonal  strains,  with  a  view  to  the  deter- 
mination of  laws  governing  the  same. 

Physical  phenomena. — ^To  make  a  special  investigaiion  of  the  physical 
phenomena  accompanying  the  distortion  and  rupture  of  metals. 

Reheating  and  rerolUng. — To  observe  and  to  experiment  upon  the  effects 
of  reheating,  rerolling,  or  otherwise  reworking;  of  hammering,  as  com- 
pared with  ix)lling,  and  of  annealing  the  metals. 

Steels  produced  by  modern  processes. — ^To  investigate  the  constitution 
and  characteristics  of  steels  made  by  the  Bessemer,  open  hearth,  and 
other  modem  methods. 

Steels  for  tools.— To  determine  the  constitution  and  characteristics  and 
the  special  adaptations  of  steels  used  for  tools. 

Proposals  were  invited  for  the  construction  of  a  Jtesting-machine  capa- 
ble of  exerting  and  measuring  a  straiu  of  tension  and  compression  of 
800,000  pounds,  and  on  the  19th  of  June,  1875,  a  contract  was  made  with 
Mr.  A.  H.  Emery,  of  New  York  City,  for  the  construction  of  such  a  ma- 
chine, to  be  completed  in  five  months  from  the  date  of  signing. 

Owing  to  unexpected  difficulties,  common  in  the  development  of  new 
and  untried  constructions,  the  contractor,  without  any  fault  or  negligence 
on  his  part,  so  far  as  known  to  the  Board,  has  failed  as  yet  to  bring  his 
work  to  a  satisfactory  conclusion.  The  foundation  of  the  machine  has 
been  laid  in  a  manner  to  meet  the  heavy  strain  that  will  be  brought 
upon  it  at  the  moment  of  rupture  of  large  specimens ;  the  track  has  been 
laid,  and  portions  of  the  straining-apparatus  and  the  pump  have  been 
erected  at  this  arsenal.  The  contractor  found  in  the  course  of  numerous 
tests  with  the  gauges  for  the  machine  that  he  could  improve  them,  and 
they  have  all  been  reconstructed  and  thoroughly  tested,  and  are  now 
highly  satisfactory  in  their  construction  and  action.  In  testing  the  large 
scale  several  changes  were  found  desirable,  and  a  very  considerable  por- 
tion has  been  made  over,  embraciug  all  the  desired  changes,  and  it  is 
now  being  thoroughly  tested  preparatory  to  its  final  rating  and  adjust- 
ment. These  alterations  and  tests  have  consumed  much  more  time  than 
was  expected,  but  the  contractor  now  hopes  to  have  the  tests  completed 
and  the  whole  machine  in  operation  during  the  present  month. 

The  Board  has  established  in  one  of  the  buildings  at  this  arsenal  a 
chemical  laboratory,  which  has  been  fitted  up  and  furnished  under  the 
direction  of  Mr.  Andrew  A.  Blair,  of  Saint  Louis,  who  has  been  appointed 
chemist  to  the  Board.  It  is  complete  in  all  its  appointments,  and  pro- 
vided with  every  convenience  for  facilitating  the  kind  of  work  for  which 
it  was  intended.  Mr.  Blair  has  analyzed  213  steels  and  irons  and  249 
alloys,  the  physical  properties  of  which  have  been  tested.  The  Board  has 
every  reason  to  congratulate  itself  on  securing  the  services  of  so  able  a 
chemist.  Mr.  Blair  has  worked,  I  can  say,  with  untiring  industry  and 
thorough  conscientiousness,  equaled  only  by  his  eminent  skill. 

The  confidence  to  be  placed  in  the  results  obtained  by  analysis  de- 
pends much  upon  the  methods  which  have  been  employed.  If  the 
method  be  defective,  no  manipulation,  however  skillful,  can  produce  re- 
liable results.  In  order  that  it  may  be  seen  what  methods  have  been 
used,  and  their  accuracy  thorougfajy  tested,  if  desired,  Mr.  Blair  has 
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given  in  bis  report,  which  is  forwarded  herewith,  a  description  of  all  the 
methods  used  by  him,  some  of  which  are  old  and  well  known,  and  others 
are  of  bis  own  devising.  Some  of  the  latter  which  have  become  known 
have  received  favorable  commendation,  and  it  is  bi4ieved  that  his  report 
will  be  a  valuable  contribution  to  this  branch  of  scientific  investigation. 
In  the  selection  of  methods  he  has  chosen  those  which  insure  accurate 
results  rather  than  economy  of  labor. 

The  committee  on  metallic  alloys  has  made  a  thorough  investigation 
of  the  strength  and  other  properties  of  bronzes,  brasses,  and  the  triple 
alloys  of  copper,  tin,  and  zinc  in  castings  of  small  size.  The  experiments 
were  made,  under  the  direction  of  Prof.  R.  n.  Thurston,  chairman,  in  the 
mechanical  laboratoi  y  of  the  Stevens  Institute  of  Technology,  the  Board 
paying  the  customary  charges  for  the  use  of  machines,  tools,  &c. 

The  metals  were  first  weighed  out  carefully  in  given  proportions,  and 
cast  in  bars  28  inches  long  and  1  inch  square  in  cross-section.  They 
were  cast,  some  in  sand  and  others  in  an  iron  mold,  in  the  ordinary 
way,  without  the  use  of  special  fluxes,  and  the  temperatures  taken  at  the 
time  of  casting.  Samples  of  each  alloy  were  broken  by  tension  and  by 
transverse  strain,  and  other  samples  were  subjected  to  compression  and 
torsion.  Their  strengt  h,  elasticity,  ductility,  resilience,  and  homogeneity 
were  recorded  and  graphically  represented,  specimens  of  each  were  an- 
alyzed by  the  chemist,  and  a  comparison  was  thus  instituted  between 
the  proportions  weighed  out  and  the  composition  found  to  exist  in  the 
bar,  exhibiting  the  loss  of  the  several  constituents  produced  by  melting 
and  casting. 

The  report  on  bronzes  has  been  completed,  and  is  herewith  transmitted ; 
that  on  brasses  and  triple  alloys  is  well  advanced  toward  completion  j 
it  is  not  yet  in  a  condition  to  be  forwarded,  but  will  be  in  the  course  of 
a  short  time. 

The  result  of  all  of  this  work,  so  far  as  the  tensile  strength  of  all  the 
possible  alloys  that  can  be  made  from  any  two  or  all  three  of  these 
metals,  is  shown  at  a  glance  by  a  model  ingeniously  devised  by  Professor 
Thurston,  a  map  of  Which  is  herewith  tnmsmitted,  marked  *'  Plate  I.'' 

An  equilateral  triangle  of  10  inches  length  of  side  divided  into  one 
hundred  equal  parts  was  taken.  At  each  angle  was  erected  a  vertical 
ordinate,  representing  in  length  the  tensile  strength  of  copper,  tin,  and 
zinc,  respectively,  on  a  scale  of  25,000  pounds  per  square  inch  for  each 
inch  of  length  of  ordinate;  the  ordinates  were  pieces  of  brass  wire  fast- 
ened securely  to  the  plate  At  a  distance  of  1  inch  from  the  angle  rep- 
resenting copper,  an  ordinate  was  erected  representing  the  tensile 
strength  of  the  gun-bronze  composed  of  90  parts  of  copper  and  10  of  tin. 
In  the  same  way  ordinates  were  erected  at  other  points,  representing  the 
other  alloys  according  to  their  several  proportions,  and  by  their  respective 
lengths  of  ordinate  the  strength  of  the  particular  alloy  designated.  The 
same  was  done  with  the  various  brasses  that  were  tested,  and  also  with 
the  triple  alloys  of  copper,  tin,  and  zinc,  106  points  being  thus  deter- 
mined. A  triangular  box  was  formed,  in  which  plaster  of  Paris  was 
I)oured  until  it  covered  the  tops  of  all  the  ordinate??  The  plaster  was 
then  removed  until  the  top  points  of  the  diflterent  ordinates  were  just 
visible  and  the  model  was  complete. 

By  intersecting  this  model  by  horizontal  planes  one-tenth  of  an  inch 
apart  we  obtain  the  contour-lines  shown  in  the  map,  which  gives  the 
tensile  strength  of  all  the  different  alloys  to  within  2,500  pounds  of  their 
true  strength. 

Appended  to  the  report  is  a  paper  collated  by  Professor  Thurston, 
embodying  th^  most  important  facts  previously  determined  in  regard  to 
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the  copper- tin  alloys,  and  also  graphical  records  of  their  conductivity  for 
heat  and  electricity,  their  specific  gravity,  and  other  properties,  as  deter- 
mined by  previous  experimenters.  This  paper  also  contains  the  com- 
plete bibliography  of  the  subject  of  bronzes,  now  for  the  first  time  col- 
lected and  put  into  a  compact  form. 

The  committees  on  chain  cables,  malleable  iron,  and  rerolling  iron  have 
made  an  extended  series  of  experiments  at  the  Washington  navy -yard, 
under  the  immediate  direction  of  Commander  L.  A.  Beardslee,  chairman, 
who  has  performed  his  part  with  conspicuous  intelligence  and  fidelity, 
and  have  embodied  the  results  in  a  comprehensive  and  most  valuable 
report  forwarded  herewith.  Wrought  iron,  for  chains,  of  many  different 
brands — most  of  which  of  well  known  and  high  repute — varying  in  size 
from  1  inch  to  2  inches  in  diameter,  was  tested,  both  in  the  shape  of 
bars  and  short  chains.  More  than  two  thousand  tests  were  made  of  the 
tensile  strength,  and  the  results  have  been  carefully  tabulated,  giving 
the  elastic  limit,  elongation,  and  reduction  of  area  of  each  specimen. 

In  these  experiments  it  was  sought  to  determine  by  tests  of  bar-iron 
what  kind  of  iron  wa^  best  adapted  to  make  chain  cable,  what  were  the 
best  form  and  proportion  of  link,  and  to  ascertain,  if  jwssible,  the  rela- 
tion between  the  chemical  composition  and  physical  properties  of  the 
specimens.  As  chains  are  often  subjected  to  great  and  sudden  strains, 
the  tests  of  the  iron  were  made  by  impact  as  well  as  by  tension  slowly 
applied. 

By  the  kindness  of  the  IN'avy  Department,  the  facilities  of  the  Wash- 
ington navy-yard,  which  included  the  use  of  two  testing-machines,  one 
of  a  capacity  of  300,000  j^ounds,  were  i>laced  at  the  disposal  of  the  com- 
mittee^ aud  the  record  of  an  extensive  series  of  experiments  made  for  a 
similar  purpose  was  thrown  open  to  them. 

The  report  contains  in  detail  the  results  of  numerous  experiments, 
which  establish  conclusively  points  about  which  difference  of  opinion  has 
heretofore  existed,  confirms  the  correctness  of  certain  positions,  and  in 
some  cases  directly  contradicts  what  has  been  regarded  by  eminent 
authorities  as  well-established  facts.  It  shows  that  the  most  important 
characteristic  which  a  good  chain-cable  iron  should  possess  is  the  propr 
erty  of  making  uniformly  a  perfect  weld.  The  presence  of  any  impurity 
in  suflicient  quantity  to  afitectit  injuriously  in  this  particular  must  prove 
fatal  to  its  claim  for  favorable  consideration.  It  proves  that  the  proper 
place  for  the  weld  is  at  the  end,  and  not  on  the  side,  and  that  in  all  cases 
where  studded  links  are  not  absolutely  required  they  should  be  carefully 
avoided,  for  the  reason  that  the  studs  are  found,  contrary  to  the  usually 
received  opinion,  to  diminish  materially  the  strength  of  the  chain. 

The  practice  which  obtains  in  most  of  the  prominent  chain-factories  in 
this  country,  of  proving  the  finished  chain  by  the  tension  prescribed  by 
the  standard  proof-table  of  the  British  Admiralty,  is  shown  to  be  faulty 
and  attended  by  consequences  in  the  highest  degree  dangerous.  It  is 
rendered  more  than  probable  that  the  use  of  this  table  in  the  proof  of 
chain  cables  has  boin  the  direct  cause  of  the  loss  of  many  anchors,  and, 
possibly,  vessels.  The  strains  prescribed  are  too  great  for  all  sizes  of 
chains,  and  notably  so  for  those  of  large  chains.  The  committee  has 
accordingly  constructed  and  inserted  in  their  report  a  proof-table  which  is 
adapted  to  cables  of  various  sizes  made  of  American  iron,  and  by  the  use 
of  this  table  instead  of  that  previously  used,  much  risk  of  positive  injury 
to  cables  by  excessive  proof  will  be  removed. 

This  table  constructed  as  it  has  been  from  so  wide  a  field  of  practical 
tests,  will,  it  is  believed,  be  found  to  be  of  great  use  to  this  branch  of 
industry,  and  will  soon  become  the  recognized  standard  for  proving  all 
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American  chains.  This  report  shows  that  in  the  search  for  a  proper 
chain-iron  a  very  high  tensile  strength  indicates  an  nnfltness  for  this 
purpose,  for  the  reason  that  this  strength  is  usually  caused  by  the  pres- 
ence of  carbon,  copper,  or  other  substance  in  quantities  which  would 
injure  its  welding  properties  or  render  it  liable  to  break  under  sudden 
strains.  Many  minor  points  of  interest  in  these  investigations  have 
been  caretully  noted,  and  will  be  found  discussed  in  the  body  of  the 
report :  such  as  the  proper  shape  of  the  piece  to  be  tested,  the  effect  of 
removing  the  outer  skin  of  the  iron  upon  its  strength,  the  elevation  of 
the  elastic  limit,  the  reduction  of  area,  which  is  produced  both  by  sud- 
den and  steady  strains,  the  appearance  of  the  fracture  as  produced  Dy 
shock  or  steady  pull,  &c. 

It  has  been  known  that  the  strength  of  iron  bars  is  not  in  direct  pro- 
portion to  the  size,  but  it  has  been  reserved  for  Commander  Beardslee 
to  propose  a  means  by  which  bans  of  different  sizes  may  be  made  to  have 
the  same  proportional  strength.  He  has  proved  by  actual  experiment 
that  a  uniform  reduction  in  rolling,  from  the  size  ot  the  pile  to  the  fin- 
ished bar,  will  produce  a  uniform  strength  of  bar:  but  the  additional 
cost  of  manufacture  in  large  bars  will  be  very  considerable. 

This  report  shows  clearly  in  what  direction  we  must  work  for  the 
improvement  of  manufacture  of  chain  cables :  First,  the  means  for  dis- 
pensing with  the  studded  link,  and,  second,  an  improved  method  of 
welding,  in  a  non-oxidizing  fiame  where  the  intensity  of  the  heat  can  be 
easily  regulated. 

All  the  different  irons  tested  in  these  experiments  were  carefully  ana- 
lyzed by  the  chemist  of  the  Board ;  and  an  able  paper  by  Mr.  Holley,  dis- 
cussing the  connection  between  the  chemical  composition  of  the  iron 
.and  its  physical  properties,  accompanies  the  report,  and  gives  a<lditional 
value  and  completeness  to  it. 

The  committee  on  steel  for  tools  has  made  a  series  of  experiments  at 
the  Washington  navy-yard,  with  a  view  of  determining  by  actual  tests 
the  constitution  and  characteristic  qualities  of  steels  for  various  purposes 
for  which  they  are  required  as  tools  and  their  special  adaptation  for  the 
work  of  turning,  planing,  boring,  slutting,  and  chipping.  The  experi- 
ments were  made  under  the  immediate  direction  of  Chief  Engineer 
David  Smith,  U.  S.  N.,  chairman,  who  has  carefully  noted  everything 
that  could  possibly  be  of  interest  in  the  working  of  the  tool.  The  Navy 
Department  gave  the  use  of  the  necessary  machines  and  facilities  for 
doing  the  work  free  of  charge. 

Seventeen  different  lots  of  the  best  steels  to  be  had  were  procured  in 
open  market,  embracing  70  separate  bars,  and  representing  the  pro- 
duc  tion  of  14  different  manufacturers,  11  American  and  3  English — the 
most  celebrated  in  each  country.  Each  of  the  several  tests  with  the 
tools  of  the  various  steels  was  conducted  in  precisely  the  same  manner 
in  every  detail,  and  the  results  obtained  and  tabulated  are  comparable 
with  each  other  in  every  particular;  it  is  believed  they  represent  the 
true  practical  value  of  each  of  the  steels  for  the  special  purpose  for 
which  the  tool  was  used.  A  full  and  complete  record  of  the  experiments 
made  with  each  steel  has  been  kept;  and  all  important  facts  observed  in 
regard  to  its  character  and  texture,  its  treatment  in  the  making  and  use 
of  the  tool,  and  everything  pertaining  to  the  work  of  testing  it  that  was 
thought  could  in  any  way  affect  the  results  were  carefully  noted.  Sam- 
ples of  the  same  steels,  embracing  408  specimens,  have  been  tested  by 
tension,  torsion,  and  compression,  and  the  specific  gravity  of  each  bar 
carefully  determined. 
All  of  the  necessary  computations  required  in  connection  with  the  fore- 


b  TEST   OF  METALS. 

goiDg  tests  have  been  completed  and  the  results  tabulated.  Thirty 
different  bars  have  been  analyzed  by  the  chemist  of  the  Board,  and  all 
that  now  remains  to  be  done  is  to  discuss  and  compare  the  physical 
properties  with  the  chemical  composition  of  the  steels.  This  the  chair- 
man has  not  had  the  time  and  opportunity  to  do. 

In  order  that  he  might  ccnnplete  this  work  application  was  made  to 
the  Navy  Department  that  he  might  be  relieved  for  the  time  being  from 
other  duty.  The  request  was  not  granted^  and  no  other  member  of  the 
Board  was  available  who  was  conversant  with  the  subject  to  take  up" 
the  report  and  finish  it. 

The  report  of  this  committee  when  it  shall  have  been  completed  will 
contain  a  large  amount  of  data^  and  conclusions  therefrom,  which  it  is 
believed  will  enable  the  maker  and  user  of  tool-steels  to  distinguish  readily 
between  good  and  indiff'erent  steels  by  comparing  the  physical  properties 
and  chemical  constitution  of  any  given  steel,  and  to  determine  before- 
hand whether  a  steel  will  be  well  adapted  or  not  for  any  special  purpose 
by  such  a  comparison.  It  also  exhibits  in  a  highly  satisfactory  manner 
the  position  which  American  steels  take  when  compared  v^ith  the  highest 
priced  and  most  celebrated  tool-steels  of  European  manufacture. 

The  committee  on  girders  and  columns  have  made  some  experiments 
on  the  strength  of  materials  of  difierent  forms  and  proportions  used  in 
the  construction  of  bridges.  Owing  to  the  great  expense  attending  such 
experiments  the  tests  have  been  confined  principally  to  material  gratui- 
tously furnished  by  a  manufacturer  of  rolled  beams  at  Butiklo,  N.  Y. 
The  results  of  these  experiments  have  not  been  communicated  to  me  by 
the  chairman  of  the  committee,  nor  have  I  received  from  him  a  report 
called  for,  giving  the  status  of  the  work  under  his  charge. 

The  committee  on  chemical  research  has  undertaken  a  series  of  experi-* 
ments  on  steels,  with  a  view  of  determining,  if  possible,  the  effect  of  vary- 
ing quantities  of  some  of  the  most  common  elements  ordinarily  found  in 
steels  on  their  mechanical  properties.  In  each  series  one  element  is  made 
to  vary  within  wide  limits,  while  the  others  are  kept  as  uniform  as  possi- 
ble. In  this  way  the  effect  of  different  quantities  of  carbon,  phosphorus, 
silicon,  sulphur,  &c.,  is  to  be  determined.  This  investigation,  the  impor- 
tance of  which  has  long  been  felt,  has  never  been,  it  is  believed,  previously 
even  attempted. 

It  is  also  intended  to  determine  the  effect  of  one  impurity  in  modifying 
or  neutralizing  the  influence  of  knother.  Considerable  work  has  already 
been  done  in  the  prosecution  of  these  experiments ;  123  specimens  have 
been  prepared  and  tested  by  tension,  the  calculations  made  and  tabulated, 
and  the  curves  completely  plotted;  190  specimens  have  been  tested  in  the 
autographic  machine,  and  the  strain-diagrams  and  other  results  made 
ready  for  the  report. 

Work  is  now  progressing  on  another  set  of  60  specimens,  after  which 
an  additional  series  of  86  test-pieces  is  to  be  commenced,  when  a  carefiil 
study  and  comparison  of  the  mechanical  and  physical  properties  with  the 
chemical  analyses  will  show  the  influence  of  the  variation  of  composition 
and  the  effect  of  one  element  upon  another. 

An  examination  has  been  made  of  certain  English  rifle-barrel  steel  re 
ceived  from  the  National  Armory,  which  had  proved  deficient  in  strength 
and  found  to  contain  numerous  fine  seams,  unfitting  it  for  this  use.  An 
analysis  showed  that  it  contained  an  excessive  amount  of  sulphur  and 
phosphorus,  .104  per  cent,  of  the  former  and  .166  per  cent,  of  the  latter. 
.  The  statement  of  funds  received  and  expended  since  the  organization 
of  the  Board  is  given  in  Appendix  2.  The  disbursements  have  been  made 
in  accordance  with  the  rules  and  regulations  of  the  Ordnance  Depart- 
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ment,  and  the  Toachers,  giving  the  cost  of  the  articles  purchased  and  the 
details  of  the  transactions,  with  the  receipts  for  the  money  paid,  have  been 
forwarded  to  the  Ordnance  Office. 

A  provision  was  inserted  in  the  act  of  Congress  authorizing  the  Board, 
limitiug  the  amount  which  should  be  used- for  the  expenses  of  the  Board 
to  815,000.  Of  this  sum  only  $2,248.79  have  been  expended  for  this  pur- 
pose. The  balance  on  hand  on  the  1st  of  June  amounts  to  $12,193.92; 
$6,299.48  remains  to  be  paid  for  the  machine,  and  $3,700.52  for  its  trans- 
pHortation  and  erection.  The  balance  is  due  on  contracts  made  for  mate- 
rial and  services  not  yet  rendered. 

It  was  not  to  be  expected  that  the  Board  should  do  any  very  large 
amoant  of  work  before  the  completion  of  its  large  machine.  It  is,  how- 
ever, believed,  as  has  been  said  by  high  authority,  that  what  has  been 
accomplished  is  worth  more  to  the  government  and  the  private  industries 
of  the  country  than  the  whole  of  the  appropriation,  including  that  paid 
for  the  machine. 

In  a  few  weeks  more  the  Board  will  have  a  machine  more  accurate  and 
better  adapted  for  doing  work  of  all  kinds,  light  and  heavy,  than  any 
other  machine  at  present  known,  and  be  in  condition  to  prosecute  its 
work  to  advantage. 

The  Board  deferred  making  its  report  until  it  could  announce  the 
completion  of  all  work  commenced  and  the  erection  of  its  machine,  and 
regrets  that  cii*cumstances  over  which  it  could  exercise  no  control  prevent 
it  from  reporting  this  at  the  present  time. 

Congress  at  its  last  session  declared  that  the  Board  should  cease  to 
exit$t  when  the  money  then  appropriated  should  have  been  expended. 
In  view  of  the  results  which  have  been  thus  far  obtained,  under  circum- 
stances unfavorable  to  the  accomplishment  of  such  a  work,  and  of  the 
fact  that  the  Board  will  soon  be  provided  with  the  best  of  facilities  for 
testing  metals,  it  may  well  be  suggested  whether  a  wise  policy,  a  just 
appreciation  of  the  advantages  to  inure  to  the  various  industries  Dy  such 
action,  will  not  prompt  the  grant  of  a  further  appropriation  to  carry  on 
the  work  for  which  the  Board  was  appointed.  This  work  haft  enlisted 
the  active  sympathies  of  scientific  men  of  all  classes,  and  metal-man- 
ufacturers of  the  country,  the  last  of  whom  have  not  confined  their 
interest  to  mere  expressions  of  approval,  but  have  supplemented  them 
with  donations  of  money  to  the  amount  of  $1,475,  for  the  completion  of 
some  work  on  steels,  which  was  commenced  but  could  not  be  finished  on 
account  of  the  failure  of  the  appropriation  by  Congress. 

From  what  the  undersigned  knows  of  the  wants  of  officers  having 
charge  of  government  constructions,  the  want  of  deHnite  information  on 
the  part  of  civil  engineers,  architects,  and  mechanical  engineers  through- 
out the  country,  and  their  utter  inability  to  obtain  correct  data  on  which 
to  base  their  calculations,  for  the  want  of  which  large  sums  have  annually 
to  be  exx)ended  in  order  that  the  errors  made  may  be  on  the  side  of  safety, 
there  is  no  purpose  for  which  an  appropriation  could  be  granted  which 
would  yield  so  large  and  immediate  a  return  in  the  way  of  money  abso- 
lutely saved  as  a  further  grant  for  the  work  of  this  Board,  and  in  the 
correctness  of  this  opinion  he  is  confident  that  he  will  be  supported  by  the 
whole  body  of  scientific  men  and  manufacturers  of  metals  of  superior 
quality  throughout  the  land. 

1  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  T.  8.  LAIDLBY, 
Colonel  of  Ordnance^  President  of  the  Board. 

To  the  President  op  the  United  States. 
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Statement  of  dishursementa  under  appropriathn,  "  Teat  of  Iron  and  Steel,"  to  June  1,  1878. 


DUbunementB. 


Por  adrertisinK  (contract  for  t^stin^-machine) 

amoant  paid  on  contract  for  testrng-machhie 

stationory  and  printing 

instruments  (calipera,  ptiunps,  &,o.) 

fittinj^  up  chemical  laboratory 

chemicals,  apparatus,  &c 

care  of  chemical  laboratory 

coal  for  gas  for  nae  at  chemical  laboratory 

coal  and  wood  for  heating  laboratory,  turning  specimens,  Ac. 

labor  for  cutting  samples,  turning  specimens,  &o 

fitting  up  buildiDg  for  testing-machine 

foundation  for  testing-machine  and  setting  np  aocumnlAtor . . 

traveling  crane  and  trestles 

coal  and  oil  for  operating  testing-machino 

material  for  tests 

freight  and  expenses  on  samples  of  iron,  steel  for  tests 

ftpoight  on  partA  of  testing-machine  received 

boxes  for  parts  of  testing-machine  received *. 

traveling  expenses  of  members    

p<mtago  (secretary  and  members) 

secn^tary,  from  March  25, 1875,  to  June  30, 1877 

chemist,  from  July  1, 1875,  to  April  20, 1878 

committee  on  abrasion  and  wear     

committeeon  chemical  research  and  steelsbymodem processes. 

committee  on  chain  cables,  and  reheating  iron 

committee  on  effects  of  temperature   

committee  on  beams,  girders,  and  columns 

committeeon  cast  iron      

committee  on  metallic  alloys 

committee  on  steels  for  tools 


Total 


Tests  of  iron  aoid  steeL 


187S. 


$172  50 
25,200  52 


61  88 


346  62 

'soo'oo 


26,071  62 


1876. 


199  75 


500  41 

129  50 

1, 912  37 

2, 604  89 

151  13 

254  50 

851  71 

983  20 

1,417  01 

4, 083  77 

2, 746  29 


8  97 

26  67 

63  00 

152  39 

1,146  63 

117  90 

1, 316  66 

6,550  00 

83  50 

378  44 

1,894  93 

938  03 

8,042  06 

29  10 

10, 516  84 

2,644  17 


42,628  41 


1877. 


f 104  85 


47  10 
692  75 
125  63 
480  29 
111  35 

18  38 
531  99 
480  91 
234  94 
227  80 
1,091  27 

20  65 
SIO  54 


755  54 

40  99 

1,100  00 

2,108  50 

859  25 

1,638  86 

25  22 

1,470  98 

1,074  75 

18,502  54 


TESTS  OF  IRON  AND  STEEL,  1875. 

To  appropriations $75,000  00 

By  amount  disbursed $26,071  52 

By  amount  transferred  to  appropriation,  ''tests  of  iron  and 

steel,  1«76" 42,629  00 

68, 700  52 


Balance  on  hand  (due  on  contract  for  testing-machine) 6, 299  48 

TESTS  OF  IBON  AND  STEEL,  1876. 

To  amount  transferred  from  appropriation,  'Hests  of  iron  and 

steel,  1875" 42,629  00 

By  amount  disbursed 42,628  41 

By  amount  deposited  to  the  credit  of  the  Treasurer  of  the 

United  States 59 

42,629  00 


TESTS  OF  IBON  AND  STEEL,  1877. 

To  appropriation 19,396  98 

By  amount  disbursed 13,502  54 

13,502  54 


Balance  on  hand. 


5,894  44 


T.  T.  8.  LAIDLEY, 
Colonel  of  Ordnance,  Preaident  of  the  Board. 


REPORT 


OF 


THE    COMMITTEES 


OK 


CHAIN-CABLES,  MALLEABLE  IRON, 

REHEATING  AND  BEROLLING  WROIGOT  IRON, 


OIVINO 


THE  RESULTS  OF  EXPERIMENTS  ON  THE  STRENGTH  OF  WROUGHT 
IRON  IN  BARS  AND  IN  CHAINS;  THE  EFFECT  OF  DIFFERENT 
DEGREES  OF  REDUCTION  IN  ROLLING,  OF  REHEATING, 
REROLLING  AND   HAMMERING;    AND 


A  COMPARISOK  OF 


cxib:mic-a.Ij  c abuses  \v'itec  i>Er5rsiCA.ri  resulxs, 

PROVING  STRAINS  FOR  CHAIN-CABLES. 


THE  COBBBCT  FOBM  FOR  TSST.PIBCES. 


AND 


MISCELLANEOUS  INVESTIGATIONS  INTO  THE  PHYSICAL 
PROPERTIES  OP  ROLLED  WROUGHT  IRON. 


►►-»- 


•WASHIHGTOlir: 

eOTXBNUKNT    FSINTIITa    OFPIOE. 

1878.  (0) 


PREFACE. 


The  TTiiited  States  Board,  appointed  to  teat  American  iron,  steel,  and 
other  metals,  assigned  to  three  committees,  designated  as  B,  B,  and  M^ 
the  following  subjects  upon  which  to  make  investigations  and  report : 

To  Committee  D  ("On  chain  and  wire  ropes'')  the  determination  of 
the  character  of  iron  best  adapted  for  chain  cables,  the  best  form  and 
proportions  of  link,  and  the  qualities  of  metal  used  in  the  manufacture 
of  if  on  and  steel  wire  rope. 

To  Committee  H  ("On  iron  malleable'')  the  examination  of  the  me- 
chanical and  physical  properties  of  wronght-iron. 

To  Committee  M  ("On  reheating  and  reroUing")  the  examination  of 
the  effects  of  reheating  and  rerolling,  or  otherwise  reworking,  of  ham- 
mering: as  compared  with  rolling,  and  of  aunealiug  the  metal. 

The  three  committees  being  composed  to  a  great  extent  of  the  same 
persons,  all  having  the  same  chairman,  and  the  fields  of  research  in 
many  respects  coinciding,  it  was  considered  advisable,  in  order  to 
economize  time,  means,  and  labor,  that  the  three  should  be  consolidated 
and  the  results  of  such  experiments  as  should  be  made  applied  to  all  of 
the  subjects. 

Our  first  care  was  to  select  from  the  wide  field  to  be  investigated,  a 
leading  object,  and  our  choice  fell  naturally  upon  the  subject  assigned 
to  the  committee  on  chain  cables,  for  while  it  would  be  quite  prac- 
ticable to  expend  all  of  our  time  and  means  examining  into  the  great 
problem,  "The  mechanical  and  physical  properties  of  wrought  iron,"  or 
the  effect  upon  its  strength  and  other  properties,  of  various  methods  of 
treating  it,  and  while  so  doing,  procui^e  absolutely  no  information  which 
would  guide  us  in  determining  "  the  character  of  iron  best  adapted  for 
chain  cables,"  we  could  not,  on  the  other  hand,  iorm  any  judgment  of 
value  upon  this  latter  subject,  without  a  range  of  experiments,  the 
results  of  which  would  prove  of  importance  in  connection  with  the 
other  subj^ts  of  investigation. 

A  secondary  reason  for  the  selection  was  the  fact  that  the  chairman 
of  the  committees,  to  whom  would  naturally  fall  the  duty  of  superin- 
tending the  research,  and  of  arranging  the  obtained  results,  was  already 
engag^  in  carrying  on  an  investigation  of  this  branch,  in  obedience  to 
the  orders  of  tlie  Navy  Department,  and  through  this  source  a  large 
amount  of  information  already  colh^cted  could  be  most  profitably  utilized. 
A  further  motive  was  the  fact  that  all  information  which  we  might  be 
able  to  obtain  as  to  character  of  iron  best  adapted  for  chain  cables 
would  prove  of  value  not  only  to  the  manufacturers  and  purchasers  of 
cables  and  cable  iron,  but  not  less  to  the  manufacturers  of  iron  bridges, 
.and  other  constructions,  which  like  the  cable,  depend  for  their  value 
upon  their  jwwer  of  resisting  to  the  utmost,  destroying  forces  of 
various  and  irregular  natures.  A  cable  must  be  able  to  resist  sudden 
strains,  steady  strains,  vibratory  strains,  and  corrosion,  and  a  bridge 
must  encounter  the  same  during  its  service ;  therefore,  it  is  hoped  that 
the  information  we  have  been  able  to  collect,  the  deductions  we  have 
drawn^  the  errors  .we  have  corrected,  and  the  rules  and  tables  we  have 
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established  and  calculated,  will  prove  of  service  to  a  large  class  of  our 
manafactarers,  of  whom  the  cablemakers  are  but  a  branch. 

While  thus  directing  our  efforts  primarily  to  this  investigation,  we 
have  from  time  to  time  diverged  for  the  pur^jose  of  examining  further 
into  certain  physical  phenomena  which  have  presented  themselves;  and. 
the  results  of  these  investigations  are  given  in  the  papers  on  "Form 
and  proportion  of  test  pieces,'^  "Elevation  of  the  limit  of  stress,"  "  Va- 
riation in  strength  accompanying  variation  in  sectional  area,"  &c.,  aud 
to  a  comparison  of  the  physical  results  with  chemical  causes. 

All  of  the  exx>eriments  whose  records  are  in  this  report,  excepting  the 
analyses  made  by  the  chemist  of  the  Board,  were  made  at  the  Navy 
Yard,  Washington,  D.  0.,  the  Secretary  of  the  Navy,  the  Hon.  George 
M.  Bobeson,  having  placed  at  the'  disposition  of  the  Board  all  of  the 
facilities  of  said  yard,  which  included  three  testing  machines,  forges. 
&c.,  and  the  Chief  of  the  Bureau  of  Equipment  transferred  to  the  Boara 
the  results  of  a  series  of  experiments  which  had  been  carried  on  by  the 
chairman  of  the  committees,  under  his  direction,  previous  to  the  organ- 
ization of  the  United  States  Board. 

In  submitting  this  report,  we  would  say  that  the  extent  of  our  inves- 
tigations has  been  restricted  by  the  narrowness  ot  our  means,  and  the 
necessity  which  has  arisen  that  we  should  submit  the  results  of  such 
work  as  we  have  accomplished,  in  order  that  the  necessity  of  such  work 
shall  be  made  as  plain  as  the  fact  that  our  researches  have  been  by  no 
means  exhaustive,  and  that  they  but  point  the  way  toward  a  thorough 
re-examination  of  the  subjects  involved,  which,  based  upon  our  results, 
would  provide  a  valuable  mass  of  information,  to  which  this  report  would 
occupy  the  relation  of  a  preface. 

L.  A.  BEARDSLEE,  Commander^  U.  8.  Naryy^ 
Chairman  of  Committee  D,  -H,  and  M^  Editor  of  Report. 


PREFACE  TO    SECONr)   EDITION. 


Congress  having  authorized  the  printing  of  a  second  edition  of  the 
report  of  the  United  States  Board,  the  undersigned,  to  whom  was 
entrusted  the  duty  of  arranging  the  matter  of  the  report  of  committees 
D,  H,  and  M  in  the  first  edition  and  the  editing  of  the  same,  has  availed 
himself  of  the  opportunity  thus  presented,  and  having  obtained  the 
necessary  authorization  so  to  do,  has,  profiting  by  experience  (rained 
while  editing  the  first,  reduced  greatly  the  bulk  of  this  second  edition, 
by  elimination  of  many  unnecessary  repetitions,  and  has,  he  believes, 
increased  the  value  of  the  work,  not  only  as  was  natural  by  the  process 
of  condensation,  but  also  by  the  insertion  in  a  portion  of  the  space  thus 
gained  of  data  which  have  been  furnished  by  the  Kavy  Department, 
embracing  the  results  of  experiments  made  in  cont  inuation  of  those  made 
by  the  Board  upon  points  not  considered  as  definitely  settled;  also  of 
a  series  of  torsional  tests,  made  upon  the  irons  whose  strength  under 
various  other  tests  had  been  given. 

The  matter  of  the  report  has  also  been  rearranged,  so  that  by  division 
into  two  parts  all  of  the  tests  made  upon  round  bars  are  separated  from 
those  made  upon  chain  cable. 

The  first  part  may  be  considered  as  the  investigation  into  the  mechan- 
ical and  physical  properties  of  wrought  iron,  the  second  into  the  char- 
acter of  iron  best  adapted  for  chain  cable. 

L.  A.  BBARDSLEB,  Captain^  U.  8.  Navy^ 

Editor  of  Report. 

August  1, 1881. 
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CON'TKN'XS. 
SECTION  I. 

PrBUMINART  DISCUSSIOI7   OF  THE  NATURE   AND  STRUCTURE   OF  THE   CHAIN  LINK — 

force8  which  it  is  called  upon  to  resist^  sources  of  weakness;  and  char- 
acter of  iron  best  adapted  for  its  manufacture,  as  manifested  by  tests 
of  the  material,  viz:  the  round  bar  of  rolled  iron. 
Description  of  testing  Machines  and  methods  of  using  them — ^Explanations 
of  and  note  s  upon  the  tabulated  records  of  tension  tests  upon  bars  of 
round  iron,  including  discussions  upon  the  elastic  limit,  its  ratio  to  the 
tensile  limit,  its  value  as  a  proving  strain,  with  tables — ^discussion  of 
value  of  percentage,  of  elongation,  of  reduction  to  tensile  limit  and 
fractured  areas,  ac — investigation  into  the  effect  of  varying  the 
amount  of  reduction  from  pile  to  bar— effects  of  under  and  over  heat- 
ING THE  PILES— Method  of  pRODUcmo  uniform  tensile  strength — ^Tabulated 

RECORD  OF  TENSION  TESTS  UPON  959  BARS  OF  ROUND  IRON. 

SECTION  n. 

Discussion  op  the  effect  upon  results  of  tension  tests  produced  by  the 
use  of  test  pieces  of  incorrect  form  and  proportions. 

SECTION  III. 
Discussion  of  the  comparative  strength  of  bars  with  and  without  thb 

SKIN. 

SECTION  IV. 

Discussion  of  the  elevation  of  the  limit  of  stress,  with  miscellaneous 
experiments  to  determine  the  effect  of  various  strains  upon  form. 

SECTION  V. 

Discussion  of  the  necessity  of  tests  by  sudden  strains,  with  results  of 

such  tests  upon  many  test  pieces. 
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PART  I. 
SECTION   I. 

PBELIMINASY  DISOUSSIOX. 

The  investigations  npon  which  we  have  entered  have  for  their  direct 
object  ^*  the  determination  of  the  character  of  iron  best  adapted  for  the 
manufactore  of  chain  cables,"  indirectly  the  collection  and  classification 
of  snch  data  as  manifest  themselves  during  the  experiments  necessary 
for  tiiis  primary  investigation,  and  coming  properly  ander  the  heading 
of  the  ^^  mechanical  and  physical  properties  of  wrought  iron." 

The  chain  cable  is  a  result,  wrought  iron  is  the  material  from  which 
it  is  made,  and  the  strength  and  character  of  the  cable  are  dependent, 
to  a  great  extent,  upon  those  of  the  material,  and  upon  the  methods  by 
which  said  material  has  been  produced  and  treated. 

Our  iuvestigations  begin,  thus,  with  the  material  itself,  which,  for  all 
practical  purposes,  is  the  round  har^  of  which  the  chain  link  is  but  a 
modification. 

The  made-up  chain  cable  has  undergone  processes  which  tend  to  alter 
the  inherent  character  of  the  material,  some  of  which  lower  the  strength 
of  the  iron,  therefore  it  is  of  great  importaoce  that  the  character  of  this 
material  should  be  that  which  in  itself  will  teud  to  give,  if  unchanged, 
the  greatest  strength  and  uniformity  to  the  links^  and  which  is  least 
liable  to  suffer  deterioration  during  the  processes  by  which  it  is  trans- 
formed from  bar  to  link. 

To  determine  the  character  of  iron  best  adapted,  it  is  necessary  to 
first  decide  upon  the  nature  of  the  forces  which  a  chain  cable  in  service 
is  called  uiK)n  to  resist,  and  the  precedence  of  these  forces  in  endanger- 
ing not  only  the  chain  but  the  vessel  which  depends  upon  it  for  safety. 
Secondly.  To  determine  the  causes  which  tend  to  weaken  the  chain 
links,  and  to  locate  the  weak  spots. 

Thirdly.  These  points  being  determined,  to  fbi:  upon  the  characteristics 
which  denote  that  the  iron  manifesting  them  is  well  adapted  to  meet  * 
the  dangerous  forces,  and  is  least  liable  to  become  unduly  weakened 
while  being  bent  and  forged. 

Gables  in  service  are  subject  to  the  destroying  forces  of  sudden  strains, 
alternations  of  sudden  and  steady  heavy  strains,  heavy  steady  strains, 
abrasion,  and  corrosion  ]  and  the  danger  from  each  takes  precedence  in 
the  order  given. 

The  sudden  strains^  which  are  the  most  dangerous,  occur  when,  through 
any  cause,  it  may  become  necessary  to  check  the  headway  of  the  vessel 
by  means  of  the  anchor ;  or  when,  in  letting  go  anchor  in  deep  water, 
the  momentum  of  the  running-out  cable  is  suddenly  arrested  by  a  jam 
in  the  hawse-hole,  or  pipe,  perhaps  before  the  anchor  has  reached  the 
bottom. 

The  altemationSy  when  through  the  force  of  a  heavy  squall,  the  already 
taut  cable  is  strained  suddenly  by  a  force  which  cannot  be  calculated  or- 
guarded  against. 
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The  heavy^  steady  strains^  under  many  circnmstances,  when  throagh 
exposnre  to  strong  tides  or  gales,  a  great  strain  is  brought  on  the  cables. 

Abrasion  and  corrosion. — These  can  be  considered  but  as  minor  ele- 
ments of  danger.  Under  ordinary  circumstances  neither  can  occur  unex- 
pectedly, and  both  can  with  proper  care  be  provided  against  The  first 
may  occur  to  the  chains  of  a  vessel  long  moored  without  swivel  in  strong 
eddies;  the  second  to  chains  left  uncared  for  in  leaky  lockers,  or  in  serv- 
ice, through  galvanic  action,  in  case  of  vessels  moored  for  a  long  period, 
with  unchanged  scope — flight  ships,  for  example. 

Frequent  overhauling  and  application  of  coal  tar  or  paint  will  guard 
against  corrosion;  ordinary  care  of  the  moorings  will  prevent  abrasions. 
Sudden  strains,  and  heavy,  steady  strains,  are  the  dangers  to  be  guarded 
against,  and  that  iron  best  adapted  to  resist  both  is  the  best  adapted 
for  chain  cables.  Excess  of  power  to  resist  one  of  these  forces  will  not 
compensate  for  a  deficiency  in  the  other. 

Several  causes  operate  to  prevent  the  development  in  the  link  of 
a  large  proportion  of  the  strength  of  the  bar.  The  first  in  importance 
is  the  comparative  weakness  of  that  part  of  the  link  whicfi  is  occupied 
by  the  weid. 

With  every  type  of  iron  upon  which  we  have  experimented  the  weak 
spot  of  the  chain  link  is  the  wdd^  and  by  far  the  larger  proportion  of 
ruptures  occur  at  this  end.    (See  table,  page  150.) 

With  some  irons,  notably  those  rich  in  carbon,  copper,  or  very  thor- 
oughly worked,  the  inferiority  of  strength  at  the  weld  is  much  more 
serious  than  with  other  irons.  As  this  difterence  between  types  exists, 
and  as  the  weakest  of  the  1,500  to  3,000  welds  which  enter  into  the 
composition  of  all  chain  cables,  of  from  2"  to  V  diameter,  is  the  meas- 
ure of  strength  of  the  entire  chain,  it  naturally  follows  that  in  select- 
ing a  suitable  chain  iron,  the  welding  value  should  be  considered  as  of 
first  importance,  and  a  deficiency  in  this  is  not  compensated  by  all  other 
good  qualities. 

Iron  which  can  be  thoroughly  welded  at  a  range  of  temperature  fairly 
equal  to  the  range  of  judgment  of  different  chain  welders,  which  will 
^^  sti(*k  "  at  a  low  heat,  and  not  bum  if  heated  a  little  too  much,  is  the 
desideratum. 

In  our  search  for  such  iron,  and  attempt  to  discover  marks  by  which 
it  can  be  identified  without  the  necessity  of  actual  tests  of  chain  links 
to  destruction — an  expensive  process,  and  within  the  reach  of  few  man- 
ufacturers or  users  of  chain— we  have  begun  our  investigations  at  a 
•  point  which,  for  all  practical  purposes,  may  be  considered  the  begin- 
ning and  foundation  of  the  chain  cable,  viz,  the  round  rolled  bar ;  and 
having,  by  thorough  tests  by  different  methods,  determined  upon  the 
characteristics  of  the  various  bars  submitted  to  us,  made  chain  cables 
of  them,  and  observed  as  closely  their  relative  value  in  this  form. 
Thus,  having  found  out  the  characteristics  of  bars  from  which  strong 
and  uniform  chain  links  were  produced,  or  those  of  opposite  character, 
we  sought  by  chemical  analysis  to  find  the  explanation  of  such  phe- 
nomena as  presented  themselves  during  either  or  all  of  the  tests. 

Oar  earlier  experiments  were  made  by  tension  alone,  and  by  these 
we  learned  the  power  of  the  various  irons  to  withstand  steady  tensional 
strains,  and  with  tension  upon  chain  links,  their  relative  welding  value; 
but  we  were  unable  to  obtain  any  information  ui)on  the  very  important 
point,  viz,  the  power  to  resist  sudden  strains^  the  chain  cable's  greatest 
enemy,  for  there  was  not,  to  our  knowledge,  a  testing  machine  in  ex- 
istence by  which  these  strains  could  be  administered  in  such  manner 
that  their  iaree  could  be  even  approximately  known. 
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Bealizing  the  necessity  of  this  knowledge  being  obtained  before  com- 
petent judgment  could  be  formed,  an  apparatus  was  devised  by  the 
chairman,  by  which  the  relative  powers  of  the  different  iron&.to  resist 
shock  could  be  approximately  ascertained. 

This  machine,  dubbed  the  '*  impact  hammer,^  and  the  method  of  its 
use,  and  discussion  of  results  obtained,  will  be  fully  described. 

Our  experiments  begin  with  the  history  of  a  large  number  of  round 
bars. 

Our  plan  of  investigation  was  to  first  ascertain,  by  means  of  ten- 
sion tests  made  upon  bars  of  such  irons  as  we  could  procure,  the  amount 
of  strength,  elasticity',  &c.,  which  would  be  found  to  exist  in  ordinary 
American  bar  iron;  next,  by  tests  by  impact  upon  the  same  irons,  to 
asceitain  their  relative  powers  to  resist  sudden  strains;  and,  finally, 
having  ascertained  these  essential  points  in  the  material^  to  make  from 
each  iron  a  number*  ot  cable  links,  and  by  tension  to  find  their  strength 
and  uniformity  and  the  degree  of  dependence  to  be  placed  upon  the 
tcelds. 

To  carry  out  these  investigations,  we  procured  bars  of  round  iron  of 
sizes  such  as  are  usually  used  in  the  manufacture  of  cables — ^viz,  from  2 
inch  diameter  to  1  inch — ^from  the  following  manufacturers  and  dealers: 
Burden  &  Sons,  of  New  York ;  Bentoni  Iron  Com])any,  of  Pennsylva- 
nia; Burgess  Iron  Company,  of  Ohio;  Catasauqua  Boiling  Mills,  of  Penn- 
sylvania; New  Jersey  Iron  and  Steel  Company,  of  New  Jersey;  Niles 
Iron  Company,  of  Ohio;  Phoenix  Iron  Company,  of  Pennsylvania; 
Pembroke  Iron  Company,  of  Massachusetts;  Pencoyd  Iron  Com])any,  of 
Pennsylvania;  Tredegar  Iron  Company,  of  Virginia;  Trego  &  Thomp- 
son, of  Maryland;  Sligo  Iron  Company,  of  Pennsylvania;  Tamaqua 
Koliing  Mills,  of  Pennsylvania;  Wyeth  Brothers,  of  Maryland;  and 
many  other  bars  of  unknown  origin. 

A  number  of  the  more  prominent  manufa<:turers  have  contributed 
their  iron,  and  have  considered  themselves  sufficiently  compensated 
by  the  information  we  have  been  able  to  give  them  in  re^'ard  to  it. 
*  When  we  began  our  work,  we  made  an  attempt  to  collect  data  from 
manafoctnrers,  and  succeeded  in  procuring  considerable  as  to  the 
strength,  elastic  limit,  &c.,  of  their  iron,  but  it  was  not  valuable. 
Nearly  all  of  the  records  had  been  obtained  through  tests  made  ui>on 
test-pieces,  the  proportions  of  which  were  such  that  correct  results  could 
not  be  procured. 

We  therefore  resolved  to  confine  our  work  to  experimental  investiga- 
tion, the  steps  of  which  are  very  slow,  and  frequently  lead  to  results  of 
no  great  value,  and  occasionally  to  new  and  valuable  discoveries. 

The  experiments  upon  the  results  of  which  our  report  is  based  com- 
prise the  details  of  all  physical  phenomena  observed  by  us  while  testing 
to  destruction  nearly  two  thousand  bar  test-pieces  by  the  strain  of  ten* 
sion,  over  fifteen  hundred  by  the  strain  of  percussion,  and  nearly  five 
hundred  cable  links,  made  in  all  respects  as  for  service. 

The  tension  tests  upon  bars  were  made  both  upon  bars  in  their  normal 
condition  and  upon  others  from  which  a  portion  of  the  surface  had  been 
turned  away ;  those  by  impact  upon  portions  of  the  same  bars  which 
had  been  tested  by  tension,  and  those  upon  chain  links  from  other  por- 
tions oi  the  same  bars. 

A  brief  description  of  our  testing-machines,  and  of  our  methods  of 
testing,  with  a  few  physical  phenomena  we  have  observed,  will  enable 
the  terms  used  in  the  report  to  be  understood. 
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DESOBIPTION  OF  TESTINa-UAGHINES  AND  OF  METHOD  OF  USE. 

Chain  Shoyeb  op  Washinoton  Navy  Yabd  (Testing-Machine  A). 

This  machine  consists  of  a  long  trongh,  in  which  a  15-fathom  section 
of  cable  can  be  stretched  by  means  of  a  hydranlic  pump,  to  which  it  is 
connected  at  one  end,  while  the  other  end  is  made  fast  to  a  holder, 
which,  in  turn,  connects  with  a  system  of  levers,  by  which  the  stress  is 
weighed  by  means  of  weights  placed  upon  a  platform  at  the  extremity 
of  the  long  lever.    (See  cut.) 

The  machine  was  thoroughly  overhauled,  repaired,  and  adjusted  under 
the  su{)ervision  of  a  Chief  Engineer  of  the  Kavy  previous  to  the  use  of  it 
by  the  Board.  The  pump  is  worked  by  steam,  and  a  gong,  with  wire 
reaching  from  the  engine  to  the  weighing  end,  fiaicilitates  instantaneous 
communication. 

The  capacity  of  the  machine  is  300,000  pounds,  and  the  levers  are  so 
adjusted  that  a  weight  of  1  pound  upon  the  platform  balances  200  pounds 
of  stress. 

The  pieces  to  be  tested  were  sections  of  the  bar  at  least  eight  times  the 
diameter  in  length,  and  originally  fitted  with  loops  of  larger-sized  iron, 
welded  to  the  ends,  thus : 


Subsequently  heads  were  substituted  for  loops.  Near  to  each  end  of  the 
cylindrical  portion  of  the  bar,  small  punch-marks  were  made  for  the  pur- 
pose of  measurement;  the  distance  between  these  was  carefully  meas- 
ured, and  the  diameter  of  the  bar  carefully -calipered;  this  latter  process 
often  revealed  that  there  was  between  the  actttal  and  tioniinal  diameter 
of  the  bar  considerable  difference. 

The  bar  was  fastened  to  the  holders,  a  pair  of  large  dividers  adjusted 
to  the  punch-marks,  and  the  stress  slowly  applied;  at  the  instant  the 
elongation  was  sufficient  to  draw  one  punch-mark  clear  of  the  dividers' 
point,  the  stress  was  weighed  and  recorded  as  Jirst  stretch  or  elastic  limit. 

This  method  was  our  l^st,  but  there  were  liabilities  of  error,  all  of  which 
would  cause  the  stress  of  "  first  stretch '^  to  be  recorded  too  high.  At 
times  the  piece  would  iu  an  instant,  elongate  considerably ;  generally 
such  action  took  place  in  iron  with  high  elastic  limit  as  compared  with 
its  tensile  strength.  At  the  best  the  signal  to  stop  would  never  be  given 
or  obeyed  before  a  stretch  was  noticed. 

Our  measurers  became  very  expert,  as  was  the  case  with  Mr.  Tait,  our 
assistant,  who  cared  for  the  weighing,  and  seldom  failed  to  keep  a  per- 
fect balance,  and  the  liability  of  error  was  jeduced  to  a  minimum. 

Just  before  rupture  there  was  always  a  period  (varying  with  different 
irons)  when,  havmg  reached  the  limit  of  stress,  the  levers  would  balance' 
for  a  little  time  and  then  sink  before  the  specimen  parted.  With  this 
machine  we  were  not  able  to  trace  this  action  very  closely,  but  full  ref- 
erence is  made  to  it  in  discussion  of  tests  made  by  means  of  the  dyna- 
mometer (testing-machine  B),  and  at  this  point  it  is  probable  that  tensile 
limit  was  reached. 

By  this  machine  (A)  we  were  able  to  determine  the  tensile  strength, 
elastic  limit,  ductility,  &c.,  of  round  bars  of  any  size  from  three  inches 
in  one-half  inch,  and  to  test  to  destruction  chain-cable  links  of  all  sizes  in 
to  ordinary  use* 
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» 

Except  in  a  few  cases,  which  are  noted,  all  bars  tested  by  this  ma- 
chine were  in  the  condition  in  which  they  left  the  rolling-mill^  not  hav- 
ing been  reduced  by  the  lathe.  ^ 

BOpkAJ^'S   DTNAMOMETEB  (TESTIN€hMA0HIll9E  B). 

Additional  tests  by  tension  were  made  npon  many  of  the  irons  by 
means  of  cylindrical  test-pieces  tamed  from  the  bars  and  mptared  by 
tlie  ^^Eodman's  dynamometer,''  called  in  this  paper  ^Nesting-machine  B.^ 

The  results  obtained  by  this  machine  agree  very  closely  in  some  cases 
with  those  obtained  by  testing-maehine  A,  and  in  others  differ  widely. 
A  portion  of  these  differences  is  probably  due  to  differences  in  the  accu- 
racy of  the  two  machines  and  methods,  and  others  to  a  natural  difference 
in  the  character  of  the  metal  as  developed  by  the  entire  bar,  and  by  a 
portion  of  the  core  and  adjacent  iron. 

lliis  machine  holds  the  specimen  to  be  tested  by  means  of  clamps, 
and  the  usual  form  of  the  test-piece  is  shown  on  Plate  1.  The  capacity 
of  the  machine  is  100,000  pounds,  and  it  will  weigh  a  stress  of  10  pounds 
with  ac(!uracy.    The  method  of  testing  with  it  is  as  follows : 

The  test-piece  being  fitted  to  the  clamps,  a  slight  stress,  sufficient  to 
tauten  everything,  is  brought  upon  it  by  means  of  a  foot-screw  which 
draws  down  the  lower  holder;  the  measurements  are  then  taken,  and 
the  stress  slowly  applied  by  means  of  a  crank,  connected  by  gearing 
with  a  system  of  levers,  so  adjusted  that  a  weight  of  1  pound  upon  the 
platform  will  balance  100  i>OQnds  of  stress.  The  stress  is  measured  by 
a  weight  sliding  on  the  lever  until  1,000  pounds  is  reached,  when  a 
weight  is  substituted  upon  the  platform. 

The  weighing  lever  passes  through  a  rectangular  frame,  which  is  2 
inches  in  depth  of  opening;  the  lever  itself  being,  at  the  point  where  it 
passes  through,  IJ  inches  deep,  it  being  thus  allowed  a  vertical  motion 
of  j  of  an  inch.  A  mark  across  the  center  of  the  opening  coinciding  with 
one  on  the  face  of  the  lever  indicated  a  balance,  the  stress  and  resistance 
being  equalized.  From  the  exact  balance  to  rest  there  is  a  fall  of  f  of  an 
inch.  The  test-pieces  are  prepared  with  marks  between  which  the  length 
is  accurately  measured,  and  they  are  also  accurately  calipered. 

In  testing  by  this  machine  we  have  noticed  that  the  lever  rises  rapidly 
to  the  stress  until  the  elastic  limit  is  reached,  after  passing  which  the 
rapidity  of  rise  gradually  lessens,  until  the  jjoint  called  tensile  limit  is 
nearly  reached,  then  it  rises  very  slowly  until  tensile  limit  is  marked, 
when  it  will  balance  for  periods  varying  from  two  to  seven  or  eight  min- 
utes, according  to  the  toughness  of  the  iron.  When  the  power  of  re- 
sistance is  so  lessened  that  it  is  not  equal  to  the  addition  of  stress,  the 
lever  slowly  sinks  and  finally  rests;  but  if  during  this  sinking  the  in- 
crease of  stress  is  stopped  for  a  moment,  on  reapplying  it  theie  is  a 
momentary  responsive  rise.  After  the  fall,  if  the  stress  is  continued, 
there  is  no  answering  rise,  but  the  diameter  reduces  and  the  piece  length- 
ens rapidly,  and  finally  breaks. 

The  highest  stress  that  has  been  reached  is  recorded  as  the  tensile 
limit,  or  ultimate  strength.  Although  we  have  in  most  cases  continued 
the  turning  of  the  crank  until  rupture  took  place,  in  order  that  we  might 
procure  the  fractored  dimensions  to  which  it  was  desired  to  reduce  the 
strength,  we,  in  making  the  investigations  in  regard  to  the  elevation 
of  the  limit  of  stress,  have  frequently,  after  the  lever  had  fallen  to  its 
rest,  restored  a  balance  by  removing  weights  from  the  weighing-plat- 
form, and  have  by  this  process,  and  modifications  of  it,  caused  some 
peculiar  phenomena  to  occur  which  have  been  carefully  noted  and  tabu- 
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lated.  For  instance,  after  a  test-piece  had  withstood  to  the  point  called 
tensile  limit,  which  would  occur  at  a  stress  of,  say,  60,000  pounds  per 
square  inch,  it  would,  after  the  fall  of  the  lever,  and  a  slight  delay  for 
measurements,  be  found  upon  removing  weights  to  be  still  resisting  to 
nearly  the  extent  at  which  the  lever  fell  5  the  stress  being  reapplied,  the 
lever' would  rise  nearly,  and  in  some  cases  quit€y  to  the  amount  from 
which  it  had  previously  fallen,  and  in  one  or  two  cases  to  a  higher  x>oint9 
and  this  could  be  repeated  from  twenty  to  thirty  times;  at  each  fall  the 
diameter  being  found  to  be  sensibly  reduced  and  the  length  increased. 
(See  pages  10  and  18.) 

At  the  point  where  the  lever  first  fell,  the  reduction  of  area  which  hod 
taken  place  was  about  50  per  cent,  and  the  elongation  about  75  per 
cent,  of  that  which  occurred  at  fracture. 

If,  however,  at  the  fall  of  the  lever  the  weights  were  removed  and  the 
strain  be  continued,  the  balance  would  have  to  be  preserved  by  con- 
tinually decreasing  the  weights,  until  at  last  the  piece  which  had  resisted 
50,000  pounds  would  rupture  at  a  stress  of  not  much  over  40,000  xx>und8. 
(See  pages  16  and  18.) 

The  results  obtained  by  the  two  machines  and  methods  are  given  in 
the  following  tables  **Eecords  of  bars  tested  by  tension,^  and  cover  ex- 
periments made  to  compare  rough  and  turned  bars ;  also  in  the  investi- 
gations of  the  elevation  of  the  limit  of  stress,  and  all  others  depending 
upon  the  action  of  bars  under  direct  tension. 

As  the  tables  introduce  some  phenomena  which  have  not  been  pre- 
viously described,  it  may  be  desirable  that  the  meanings  of  the  results 
given  in  each  of  the  columns  should  be  clearly  explained  and  apparent 
discrepancies  accounted  for. 

Explanation  of  and  notes  upon  the  ^^  Records  of  bars  tested  by  tension,^ 

Column  headed  *'  Diameter P — The  strength  per  square  inch  of  a  bar  as 
deduced  from  the  stress  at  which  the  entire  bar  has  been  torn  asunder 

• 

cannot  be  correctly  ascertained  except  the  diameter  of  the  bar  be  care- 
fully calipered ;  the  nominal  size  and  the  exact  size  seldom  coincide,  and 
at  times  we  have  found  variations  of  four-hundredths  of  an  inch,  which 
variation  is  sufficient  to  produce  important  errors.  For  instance,  a  bar 
is  nominally  of  2'^  diameter,  and  parts  at  a  stress  of  157,000  pounds,  its 
tensile  strength  would  be  recorded  as  equal  to  60,000  pounds  per  square 
inch ;  if  however  the  bar  was  actually  .03  of  an  inch  full,  and  parted  at 
the  same  stress,  its  strength  per  square  inch  would  be  but  little  over 
48,500  pounds,  an  important  difference.  Therefore  our  diameters  are 
those  found  by  careful  measurement. 

Areas, — ^The  "  original  area''  is  that  which  corresponds  to  the  diameter 
of  the  piece  before  test ;  the  "  reduced  area''  corresponds  with  the  least 
diameter  after  rupture;  the  "  tensile-limit  area" corresponds  with  the 
least  diameter  at  the  stress  at  which  the  lever  falls ;  and  the  reductions 
in  these  are  given  in  percentages  of  the  original  diameters.  This  latter 
can  be  correctly  measured  with  ease;  the  fractured  area  cannot  always, 
for  although  generally  the  line  of  fracture  is  at  right  angles  to  the  axis 
of  the  specimen,  it  is  not  so  always,  and  thus  presenting  an  oval,  is 
difficult  to  measure. 

Length. — ^The  length  of  the  clear  cylindrical  portion  between  punch- 
marks  is  measured  both  before  the  stress  is  applied  and  after  fracture. 
In  testing  with  the  machine  B  it  is  also  measured  at  the  *^  tensile  limit." 

Percentage  of  elongation, — ^This  element  as  given  in  many  tables  is  of 
little  value,  the  percentage  being  greatly  dependent  upon  the  original 
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length  of  the  specimen.  When  this  is  not  given  the  percentage  is  of  no 
value. 

The  following  experiment  will  make  this  clear :  From  a  bar  of  If  iron 
of  very  uniform  character  three  test-pieces  were  prepared,  which  were 
Id  all  respects  similar  except  in  the  length.  The  f(rst  was  75,  the  second 
20,  and  the  third  10  inches  long.  They  were  palled  asunder,  and  the 
first  was  found  to  have  elongated  14  inches,  or  18.64  per  cent,  of  the 
origintJ  length  ;  the  second  had  elongated  4.36  inches,  or  21.8  per  cent. ; 
and  the  thinl  2.22  inches,  or  22.2  per  cent.  Our  records  supply  many 
confirmatory  results. 

A  few  experiments  were  made  for  the  purpose  of  observing  closely  the 
effect  of  tension  upon  a  bar  of  iron  in  producing  elongation  and  to  de- 
cide whether  the  amount  of  elongation  was  equally  distributed  through- 
out the  entire  bar,  or  gi^eatest  in  the  vicinity  of  the  fracture. 

To  make  these  experiments  a  number  of  bars  of  iron  of  fair  quality 
were  selected,  and  a  number  of  marks  made  along  the  cylindrical  por- 
tion, the  marks  being  one  inch  from  each  other.  At  each  of  these  points 
of  division  the  diameter  was  calipered  and  the  bars  then  subjected  to 
tension.  In  each  case  the  usual  record  was  made  of  the  stress  at  which 
the  first  stretch  took  place,  and,  in  addition,  the  stress  required  to  pro- 
duce an  elongation  of  one-fourth  of  an  inch. 

The  stress  was  increased  until  the  specimens  were  ruptured,  after 
which  they  were  carefully  remeasured  and  the  amount  of  elongation  be- 
tween each  pair  of  division-marks,  and  the  reduction  in  diameter  at  each 
of  the  points  noted.  In  the  accompanying  table  the  results  of  this  ex- 
I^eriment  are  given ;  the  figures  preceded  by  an  *  show  the  location  of 
the  ruptures. 

This  series  of  experiments  ftimishes  evidence  that  the  greater  portion 
of  the  elongation  occurs  in  all  ca&es  in  the  vicinity  of  the  fracture. 

'So,  .4  was  found  to  be  reduced  considerably  at  a  point  on  the  opposite 
end  to  that  on  which  the  rupture  took  place. 

NoQ.  1,  3,  and  5  of  the  bars  were  tested  in  their  natural  condition. 

l^os.  2,  4,  and  6  were  cut  from  the  same  bars  as  1,  3,  and  5,  resx)ect- 
ively,  but  were  slightly  reduced  by  the  lathe  before  test. 
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Ulastie  limit — Oar  usaal  method  of  observing  the  stress  at  which  this 
took  place  has  been  explained  in  measuring  the  first  perceptible  stretch. 

The  experiments  indicate  that  this  point,  if  carcfally  measured,  fur- 
nished us  with  a  very  easy  and  inexpensive  method  by  which  we  can 
obtain  the  elastio  limit  closely  enough  for  all  practical  purposes^  although, 
for  reasons  which  have  been  given,  the  figures  will  probably  prove  a  little 
above  the  truth. 

The  ratios  which  are  borne  by  the  elastic  limit  to  the  ultimate  strength 
of  various  irons  can  be  closely  obtained  by  this  method,  as  the  following 
comparison  will  show: 

Four  test-pieces  of  a  very  homogenous  iron  were  prepared,  which 
were  identical  in  form  and  proportions. 

The  two  first  pieces  were  turned  from  a  bar  of  li"  diameter,  and  the 
second  pair  from  a  bar  of  l\y  diameter,  all  of  iron  K. 

Of  each  pair  the  elastic  limit  of  one  piece  was  obtained  by  about  four 
hours?  work,  at  an  expense  of  about  $4 ;  the  other  one  of  each  pair  was 
observed  at  the  first  perceptible  elongation  and  the  stress  which  pro- 
duced it  called  the  elastic  limit ;  about  five  minutes  of  time  and  no  extra 
expense  were  required  to  obtain  the  result  in  this  manner,  the  value  of 
which  is  shown  as  follows : 

Batio  of  elastic  limit  of  No.  1  to  ultimate  strength,  by  careful  testj 
53.1  per  cent. 

Batio  of  elastic  limit  of  Ko.  1  to  ultimate  strength,  by  first  stretch^ 
53.4  per  cent. 

Batio  of  elastic  limit  of  Ko.  2  to  ultimate  strength,  by  careful  testy 
53.7  per  cent. 

Batio  of  elastic  limit  of  No.  2  to  ultimate  strength,  by  first  stretchy 
52.4  -peT  cent. 

In  several  other  cases  of  carefnl  comparison  we  have  found  close  coin- 
cidence, hence  have  assumed  this  property  to  represent  the  elastic  limit. 

Tensile  limit  is  the  stress  which  represents  the  highest  which  has 
been  withstood  by  the  specimen,  but  as  has  been  shown,  it  was  not  the 
amount  which  finally  produced  the  rupture;  this  stress  produced  a 
weakening,  from  which  had  the  specimen  been  rested,  it  would  have 
recovered ;  by  continuing  it,  the  specimen  finally  parted  at  much  less. 
This  stress  is  reduced  to  the  various  areas,  and  in  many  tables  is  given 
as  the  ^^  breaking  strain." 

AreaSy  origiruUy  fractured^  and  tensile  limit — ^Data  in  regard  to  the 
dimensions  at  ^^  tensile  limit"  could  not  be  obtained  with  accuracy  by 
means  of  testing-machine  A,  but  with  B  it  was  readily  obtained,  and  a 
few  remarks  in  regard  to  its  use  may  be  pertinent. 

The  measurements  taken  at  the  ^Hensile  limit"  introduce  a  new  method 
by  which  the  comparative  values  of  different  irons  may  *be  estimated. 

Ordinarily  the  tenacity  of  iron  is  expressed  in  the  strength  as  judged 
by  each  square  inch  of  the  sectional  area  of  the  test-piece  before  its 
form  has  been  changed  by  stress. 

Kirkaldy  suggested,  as  a  more  just  method,  that  the  area  correspond- 
ing to  the  diameter  or  the  fractured  surfaces  should  be  adopted  as  the 
unit  of  measurement.  Our  experiments  lead  us  to  believe  that  between 
tbese  extremes  of  original  and  fractured  areas  there  is  an  intermediate 
area  which  can  be  used  with  profit,  which  is  that  which  corresponds 
vith  the  least  diameter  of  the  test-piece  at  the  stress  which  marks  the 
highest  point  of  resistance  to  continually  increasiHig  strains. 

This  point  we  have  termed  the  ^' tensile  limit^ 

There  are  practical  difficulties  encountered  in  measuring  accurately 
the  diameter  of  the  firaotured  surfJaces.    Vernier  calipers  have  tangible 
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edges,  wliicli  can  be  brought  in  close  contact  witli  the  smooth  parallel 
sides  of  the  nnstrained  test-piece,  and  an  error  of  one-thousandth  part  of 
an  inch  is  not  liable  to  take  place,  bat  after  the  test-piece  has  been 
palled  asunder  there  is  a  practical  difficulty  in  joining  perfectly  the  two 
fractured  surfaces,  and  frequently  the  line  of  fracture  is  not  at  right 
angles  with  the  axis  of  the  cylinder ;  this  necessitates  two  measure- 
ments, one  of  the  greatest  and  one  of  the  least  diameter,  and  an  inter- 
polation, and  in  making  these  measurements  there  are  chances  of 
error  even  if  the  line  of  fracture  is  at  right  angles,  which  are  increased 
when  it  is  not.  Between  the  edges  of  the  calipers  and  the  surtaee  of 
the  metal,  if  the  line  of  the  taper  toward  the  fracture  should  be  on  both 
sides  abrupt,  as  frequently  occurs  in  testing  steel  and  irons  con- 
tainiug  much  carbon,  and  the  reduction  should  be  considerable,  there 
would  arise  a  possibility  that  in  the  attempt  to  measure  correctly  the 
diameter  of  the  fractured  faces  in  the  ordinary  manner,  viz.,  by  press- 
ing the  two  fractured  surfaces  together  by  screw  power  and  then  cali- 
X^ering  the  line  of  least  diameter,  we  would  leave  between  the  edges  of 
the  calipers  »ind  the  iron  a  little  triangular  space  to  which  we  would 
give  credit  as  iron  in  estimating  the  strength  ;  in  other  words,  without 
the  utmost  care  there  would  be  risk  of  over  measurement,  and  of 
recording  the  fractured  diameter  at  a  little  too  high  a  figure. 

If  this  little  space  on  each  side  were  but  two-thousandths  of  an  inch 
in  depth  there  would  be  an  error  in  measurement  of  /ottr-thousandths, 
and  this  would  produce  a  serious  error  in  tabulating  the  results. 

For  instance,  take  at  random  from  our  records  an  exami)le.  Of  iron 
F,  IJ''  diameter,  the  test-piece  was,  before  fracture,  .564  of  an  inch  in 
diameter ;  it  broke  at  12,700  pounds  stress ;  reduced  to  the  square  inch, 
this  gives  50,840  pounds.  The  diameter  is  recorded  as  having  reduced 
to  .415  of  an  inch.  Assume  that  the  error  of  four-thousandths  has  been 
made  and  that  the  actual  diameter  was  .411. of  an  inch,  in  that  case  its 
actual  strength  per  square  inch  of  fractured  area  was  95,704  pounds, 
while  we  have  recorded  it  as  93,805  i>ounds,  an  error  of  over  eighteen 
hundred  pounds.  Such  an  error  is  possible,  and  without  great  care, 
probable ;  but  it  conld  not  be  made  in  measuring  the  diameter  of  the  as 
yet  unbroken  piece  without  gross  carelessni'ss,  the  tax>er  being  long  and 
gradual;  and  an  error  of  a  thousandth  of  an  inch  seldom. is  made.  If 
in  measuring  the  original  area  an  error  of  four  thousandths  had  been 
made  there  would  have  been  an  error  of  but  722  pounds  in  the  tabulated 
strength,  the  error  in  measurment  of  one-thousandth  of  an  inch,  which 
is  possible,  making  an  error  of  184  pounds  in  the  result.  Thus  the 
tensile  strength  per  square  inch  of  original  area  is  more  liable  to  be  free 
from  errors  arising  from  inaccuracy  than  is  that  of  the  fractured  area. 

But  neither  of  these  measurements  provides  us  with  a  standard  by 
which  we  can  judge  of  the  relative  amount  of  change  of  form  that  takes 
place  with  different  irons  at  the  moment  when  ihey  finally  cease  to  resist 
an  increase  of  stress ;  this  deficiency  is  supplied  in  the  area  at  the  ten- 
sile limit,  which  is  that  which  corresponds  to  the  diameter  of  the  test-piece 
as  aftected  by  the  highest  stress  the  material  is  capable  of  resisting,  and 
not  by  subsequent  stress  applied  to  a  rapidly  yielding  metal. 

Length  of  test-piece  — ^Not  only  the  resultant  strength  obtained  by  test- 
ing a  piece  of  iron,  but  the  value  of  the  ^^  percentage  of  elongation,"  as  a 
factor  by  which  to  judge  of  the  ductility,  depend  upon  the  length  of  the 
test-piece  being  known.  Our  experiments  show  that  if  an  iron  is  judged 
by  a  test-piece  whose  length  is  less  than  four  diameters,  the  judgment 
is  wrong. 

The  following  illustration  shows  the  form  of  test-piece  adopted,  and 
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the  contrast  between  the  action  of  coarse,  brittle  iron  and  that  of  a  soft, 
ductile  natore,  under  tension,  as  also  the  effect  which  can  be  produced 
by  thorough  rcT^orking.  The  first  is  a  specimen  turned  from  contract 
chaiu-iron  which  broke  ht  a  stress  of  48,000  pounds  per  square  inch, 
with  but  little  change  of  form;  the  second,  whose  original  dimensions 
were  the  same,  is  from  the  same  material  reworked,  and  was  broken  at 
51,000  pounds  per  square  inch. 

ACTUAL  STRENGTH,  AND  STRENGTH  AND  ELASTIC  LIMIT  PER  SQUARE 
INCH,  OP  969  BARS  OF  ROUND  IRON,  AS  OBTAINED  WHERE  NOT 
OTHERWISE  SPECIFIED  BY  TESTING-MACHINE  A. 

In  the  following  table  the  stresses  by  tension  required  to  rupture  many 
of  the  bars  we  have  tested  are  arranged  in  their  relative  order,  the 
greatest  stress  required  being  given  precedence  upon  each  size. 

In  the  columns  where  the  stress  is  reduced  to  the  square  inch,  the  area 
corresponding  to  the  actual  diameter  of  the  bars  has  been  used.  This 
gives  a  more  correct  estimate  of  the  relative  order  of  tenacity  than  the 
first  column,  in  which  bars  frequently  gain  or  lose  in  precedence  on  ac- 
count of  excess  or  lack  of  material,  some  being  rolled  ^^full"  and  others 
"scant." 

This  is  shown  in  regard  to  the  sizes  above  l-{^.  Upon  which  inaccura- 
cies in  rolling  occur  most  frequently,  the  breaking  strain  per  square  inch 
being  given,  and  from  it  the  entire  strength  which  the  bar  would  have 
bad  if  it  haa  been  rolled  true  is  also  calculated  for  contrast. 

In  the  column  ^^  Standard  for  size,"  the  strength  which  we  have  found 
best  adapted  for  chain -cable  iron  is  placed  for  comparison. 

The  stress  at  elastic  limit  as  given  is  not  from  peiiPectly  accurate  data; 
it  is  simply  the  amount  of  stress  which  produced  the  first  perceptible 
change  of  form,  divided  by  the  bar's  area. 

Our  method  is  necessarily  coarse,  and  it  is  probable  that  in  most  cases 
we  have  recorded  too  high  results.  The  determination  with  exactness 
of  the  elastic  limit  is  difficult  and  expensive.  The  p.  ocess  of  procuiing 
it  by  the  "first  stretch''  is  easy  and  inexpensive,  and  the  results  ob- 
tained are  generally  correct  enough  for  practical  purposes,  especially 
when  the  fact  is  taken  into  consideration  that  a  slight  difterence  in  the 
heating  of  the  piles  may  produce  a  difference  of  several  thousand  pounds 
per  square  inch  in  the  limit  of  elasticity  of  two  bars  of  the  same  lot 
and  of  the  same  diameter.  With  testing-machine  A  we  could  observe  a 
stretch  of  from  .01  to  .03  of  an  inch;  with  B,  we  could  observe  that  of 
.002.  But  even  with  B  the  results  are  at  times  inaccurate.  Certain 
irons  with  low  tenacity,  but  high  elastic  limit,  will  remain  apparently 
unchanged,  then  in  an  instant  give  way,  and  be  found  to  have  stretched 
four  or  five  thousandths  of  an  inch.  On  pages  32  and  33  a  series  of 
comparisons  is  given  by  which  it  can  be  seen  that,  with  due  care  in  ob- 
serving, the  elastic  limit  as  observed  by  first  stretch  is  quite  accurate 
enough  for  all  practical  purposes.  These  abstracts  from  the  data  ob- 
tained by  tension  upon  bars  are  introduced  here,  as  they  furnish  us  with 
a  portion  of  our  working  data  used  in  the  calculation  of  the  proof-table. 
The  detailed  history  of  the  tests  is  given  in  the  tables  of  record  of  bars 
tested  by  tension. 

The  table  on  page  31,  showing  the  ratios  which  we  find  to  exist  between 
the  elastic  limit  and  ultimate  strength  of  various  bars,  has  results  which 
have  furnished  us  with  a  maximum  ratio  of  stress  which  can  be  consid- 
ered safe  to  apply  to  a  cable  tor  proof. 
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Strength  per  original  area,  per  equare  inch,  and  elaetic  limit  per  square  inch  of  959  round  hare. 
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Strangth. 


Ltf9. 

2,020 

6,886 

12,311 
11,680 
11,388 
10.881 
10,350 


22.746 

30,850 

48,480 
48.000 
46,000 
45,040 
44,500 
44,126 
44,450 
42,350 
41,600 
41.547 
40,660 
40,309 

60,096 
68.700 
67,125 
57,620 
56.500 
56.200 
55,100 
55, 142 
54,800 
54,860 
53,007 
53,050 
50,400 
50,300 
49,660 

72.900 
73.200 
71.040 
72,300 
70, 704 
70,  250 
69.300 
68,460 
68.100 
67. 200 
66,600 
66,400 
66,112 
65,960 
65.850 
64,990 
64.700 
64,285 
62,520 
61,400 

74,427 

86,862 
87.406 
86,800 


60,885 

54,090 

62,700 
59,000 
67,700 
55.400 
52,275 


10,977  56,450 

15, 928  j  52, 050 
17.644  !  67,660 


61,546 

60,630 

61,727 
61, 116 
57,363 
65,768 
57,807 
54,690 
56.700 
53,015 
51,021 
52,000 
52,810 
51,406 

60,458 
60.582 
67,470 
60,434 
57.408 
56,143 
55,927 
53.097 
54.644 
54.687 
53,900 
53.850 
53.035 
50, 149 
52,267 

59, 461 
50. 876 
57,897 
57, 977 
55,  782 
50.834 
56,478 
55,253 
65,550 
53,893 
55,182 
53,247 
53,897 
53,752 
54,090 
52,  U70 
52,729 
53.022 
52,620 
50,040 

54,618 

58,026 
57,649 
58,021 


Lbt, 
40,980 


39,126 


35,933 
33,931 


83,486 
37,-415 
34,729 
39,230 
34.881 
36,885 
36,336 
31,300 


32,267 
84,600 

37,344 
33,597 
31.900 
34,682 
41.311 
32,267 
37.250 
33,549 
34.695 
28.166 
26,787 
33.457 
32, 410 
35,493 
32,019 

36,501 
36,868 
32,469 
81,996 
35,596 
33,921 
33,251 
34,784 
28,166 
32, 712 
38,603 
32,520 
27,643 


82,075 
89,608 

83,'220 
30,730 

36,898 

87,548 
38,578 
32,162 
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Lbt. 
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65,014 
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M 
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H 
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O 

P 
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I 

.a 
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1 
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2 
6 
2 
1 
3 
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2 
4 
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1 
1 
1 

4 
1 
1 

12 

2 

1 

25 

26 

2 

17 

4 

1 

20 
2 
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.  1 
1 
20 
23 
2 
6 
4 
2 
1 
1 
1 
2 
2 
1 
6 
3 
1 
1 

2 
4 

10 
2 
4 
2 
2 
1 
2 
6 
1 
1 
1 
8 
1 
1 
1 


Strmgth. 


Lbt. 

82,248 
81,600 
80,093 
81,200 
80,860 
80,000 
79,296 
76,994 
78,624 
78,580 
78.300 
78,150 
76,333 
77,235 
72,400 

89,800 
87.552 
86.400 
84,862 
84,000 
81,800 

102, 125 
101. 280 
101, 200 
90,064 
08.730 
98,300 
08, 047 
07,021 
07, 020 
07,065 
07, 350 
07,005 
06.384 
05.004 
05.810 
04,800 
04,600 
04,520 
03,600 
03.400 
93,100 
02,700 
02.100 
01,680 
01, 875 
01,400 
00,025 
00,067 
00.200 
87,100 

110.000 
118.463 
110.800 
117,500 
116, 802 
115, 500 
111,084 
111,  360 
111,300 
110, 140 
110, 500 
100. 400 
100, 245 
108,800 
108,600 
108,384 
108,000 
107, 520 
106,200 


Lb: 

65,700 
54,040 
54, 373 
54,277 
62,068 
52,733 
52,254 
53,557 
52,556 
52,537 
52,330 
53,016 
51,487 
61,206 
60,601 

63,345 
63,944 
53,238 
52,287 
61,756 
60,400 

57,052 
57, 317 
66,505 
55.466 

55. 131 
54,159 
54.540 
55,404 
55,415 
54.816 
64,354 
54,095 
64.544 
52,868 
53,512 
62,941 
52, 819 
53,401 
62.736 
63.555 
52,700 
62,402 
52,155 
51,884 
51,004 
50,010 
51,456 
51,481 
51.047 
40,202 

56.344 

57. 132 
57,402 
65,634 
56,227 
64,680 
54,334 
53,695 
63.330 
63,537 
53,614 
52,748 
52,  G75 
63,438 
62, 314 
51.046 
62  401 
621163 
51, 206 


Lb9. 
81.034 
31.030 
35,820 
33,622 
33.275 
84.606 
25,030 
33.650 
30,802 
34,460 
30, 103 
35,370 
35,  Oil 
31,002 
34,040 


32.642 
32,534 
82,411 
32,656 


88,417 
33,412 
82,406 
34,780 
33,771 
33,140 

34,'776 
32, 860 
34,716 
34.617 
35,544 
83.027 
20,636 


34,840 
34,307 
34,001 
34,600 
85.880 
20,002 
27.  708 
28,704 
32,054 
32,312 
34.601 
84,017 

32.'607 

35,880 
35, 020 
85, 701 
33,522 
83,207 
33,427 
32,163 
30,087 
8:{,540 
84,336 
30,664 

S3. 745 
35,870 
20,364 
27,605 
34,012 
33,007 
33,318 


X6«. 


85,839 


02,322 


107,040 
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BIreiigtk  per  ortgtKtil  area,  per  aqaareintA,  tatd  eltulie  limit  per  tqaare  Ineh,  4^ — Confd. 


Strength. 
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1U.400 
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33,184 
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11 

K 

il39,»)0 

67,ffJ4 

i'rS 

Fx2 

52,314 

3s,sa> 

■4; 

1S5.300 

SI.  4-1 

^113,808 

31,214 

Tbe  errors  wliich  are  liable  to  occar  in  estimating  the  strength  of  an 
iroD  b.Y  data  furnished  by  tbe  pulling  asunder  of  a  bar  or  bars  of  it, 
which  have  not  been  carefully  calipcred  before  testing,  are  shown  in  the 
following  table,  in  which,  in  some  cases,  it  will  be  observed  "2"  bars" 
trould,  if  80  considered,  be  credited  with  strength  of  from  S,000  to  8,000 
ponnds  more  than  bars  of  that  diameter  actuuU.T  possessed,  the  canse 
being  iiregularity  in  tolling,  or,  in  some  cases,  attempts  to  obtain  high 
records  for  the  iron. 


roiled  full  and  ioant. 


UethiHlaft«>tuidinBolifiie 


.   81.198 
'.   IT,"  318 ' 


30 


TESTS  OF  METALS. 


Strength  per  original  and  corrected  areas  per  square  incih,  <f*c. — Continued. 


Kameof 
iron. 
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F.... 
P.... 


i 

o 
u 

B 

9 


3 
1 
1 
5 
1 
1 
1 
2 
2 
9 
2 
2 
5 
2 


2 
8 
2 
2 
2 
8 
3 
3 
2 
2 
2 
2 


I 
§ 


P  O 

a 

o 


ft 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2A 

?l 
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Si 


•35 


/r 


2.01 
2.01 
2.01 
2.00 


1.09 
2.00 
2.00 
2.00 
2.01 
2.00 
2.00 
1.07 
1.98 
2.10 
2.10 
a.  15 
2.15 
2.12 
2.22 
2.22 
2.28 
2.20 
2.24 
2.24 
2.09 
1.03 
2.24 
2.60 
2.36 
LOO 
LOl 
.987 
.999 
1.000 
1.000 
1.002 


Povndt. 
161.800 
165,400 
163,000 


160,704 
160,700 
150,840 
155,500 
150,500 
157,588 
152,200 
151,900 
140,960 
151. 640 
140, 800 
142, 100 
178,600 
171, 200 
1S4.600 
180,000 
170, 784 
200,000 
200,000 
210.400 
205, 800 
189,600 
102,700 


184,700 
232,400 


11 

9 


1 


S.9 


& 


Pounds. 
160,670 
163,730 
161,  .353 
163,420 


157,050 
150,600 
157,588 
152,260 
150.900 
149,960 
151, 640 
154.367 
144.060 
172, 258 
105, 119 
180,282 
181,643 
171,  G25 
194. 161 
194, 161 
204,883 
203, 082 
191,293 
194, 418 
195.476 
195.977 
186,839 
232,400 
237,030 
232,770 
275,889 
837,603 
890,019 
452,191 
615,423 
582,100 


Pounds. 
60.834 
62, 127 
61,370 
52,011 
51,ir3 
61, 146 
49,872 
60,000 
60,763 
50,171 
48,696 
47, 812 
47,569 
48,249 
49,146 
46, 151 
61  659 
491422 
60,481 
61,225 
48,382 
51,606 
51, 6C6 
61,530 
51.296 
48,812 
48,898 
49.164 
49,290 
46,866 
47,344 
48,475 
47,428 
40,446 
47, 701 
47,014 
47,000 
46,667 
46,822 


I 


1^ 
I 

OQ 


Pounds. 


4 


Pounds 

81, 878 
32. 461 
82,400 
84, 702 
20, 335 
28,567 
29,953 
36,184 
83, 172 
28,983 
27,634 
35,864 
28,702 
81,413 
33,068 
80,050 


80,459 


81,966 
32,163 
28,241 
29,758 
28,032 
29,041 
20.333 
26,400 
24.591 
24,961 
23.636 
23,430 


Kethod  of  te«t  OOd  immMna 

uaed. 


t.  m.  A,  rough  bar. 

Do. 

Do. 

Do. 

Do. 

Do. 
t.  m.  A,  turned  bar. 
t.  m.  D,  turned  cylinders, 
t.  m.  A,  rough  bar. 

Do. 
t.  m.  A,  turned  bar. 
t.  m.  D,  tumod  cylinders. 

Do. 

Do. 

Do. 
•  Do. 

Do. 

Do.       * 


THE  ELASTIC  LIMIT  AS  A  PBOYINa  STRAIN. 


The  limit  of  elasticity  y  or  tbat  point  in  the  strength  of  material  at  which 
it  ceases  to  possess  the  power  to  return  to  its  original  dimensions  when 
released  from  an  applied  strain,  has  by  common  consent  been  adopted 
as  a  point  to  which  it  is  safe  and  prudent  to  increase  a  steadily  applied 
strain  by  way  of  "  proof." 

If  this  point  were  for  each  kind  of  material  a  fixed  and  well  under- 
stood one,  there  would  be  little  diflSculty  and  no  danger,  involved  in  its 
use;  or  were  it  to  be  found  with  certainty  between  well-defined  margins, 
due  care  would  enable  its  use  with  safety.  But,  unfortunately,  it  so 
happens  that  of  all  of  the  characteristics  of  wrought  iron,  this  factor  is 
the  most  variable,  and  affected  by  most  causes. 

Our  experiments  show  that  it  varies  not  only  with  difiPerent  irons^  but 
with  bars  of  the  same  iron  differing  in  diameter,  and  with  bars  of  the 
same  iron  made  with  every  attention  to  uniformity,  through  slight  and 
perhaps  unnoticed  incidents  connected  with  the  manufacture. 

For  example :  Our  records  show  in  the  history  of  the  very  carefully 
made  ^'iron  F"  (second  lot),  that  between  the  elastic  limit  of  two  bars  of 
the  same  diameter  a  difference  of  over  30  per  cent  occurredy  apparently 
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caused  by  one  of  the  bars  having,  while  in  the  pile,  been  heated  some- 
Tvhat  more  than  tne  other.  And  with  iron  Fx^  also  prepared  with  great 
care,  the  object  being  to  secare  uniform  tensile  strength,  the  variation 
in  elastic  limit  amounted  to  nearly  4,000  pounds  per  square  inch,  the 
tensile  strength  being  very  uniform. 

With  such  importaut  fuuctions  depending  upon  it,  it  seems  that  all 
information  tending  to  fix,  even  approximately,  the  limit  of  this  factor 
mast  be  valuable. 

We  have,  therefore,  while  making  tension  tests,  observed  the  point 
at  which  an  appreciable  change  of  form  occurred,  and  we  find  that  with 
ordinary  wrought  iron  the  marginal  limit  can  be  determined  with  con- 
siderable exactness. 

For  convenience  in  reference,  the  following  table  has  been  arranged, 
in  which  are  given  the  ratios  we  have  found  between  t\M  elastic  and 
tensile  limits  of  a  number  of  irons,  as  determined  by  over  800  tests,  of 
which  648  were  upon  full-sized  bars  and  220  upon  cylinders  turned  from 
the  cores. 

EaUoa  between  eUutio  and  tensile  limite  as  found  by  means  0/868  tests. 


lXOD» 

Ban,  fhll  sizo. 

Turned  cylinder. 

Xo. 

Batia 

No. 

• 

Batio. 

cc ". 

Percent 

18 
18 
18 
17 
17 

Percent, 
60.9 

IIW"    

61.4 

CCB 

64.7 

II.  i 

29 
82 
10 
20 
26 
22 
16 
53 
26 

56.2 
69.7 
62.5 
60.6 
60.1 
55^2 
62.1 
62.8 
6&4 

67.7 

A 

60.0 

B 

c     

D 

14 

6&6 

E  

Fl 

22 
25 
9 
24 
20 

66.8 

F2   

71.9 

F3    

74.7 

FsDUiU ; 

69.4 

Fb*r<»e    ................................................ 

65.6 

Fxi!*.."-*'.".'.'".*.*.'"*."".!!!-'.'. ..!... .*...."..'. '.'.'....'.. 

45 
27 
18 
21 
239 
18 
9 
27 
10 

64.3 
67.0 
64.0 
59.6 
63.5 
62.1 
64.2 
63.6 
62.9 

Fx2 

Fx3 

K 

18 

56.4 

M 

If 

0 

p 

Fx 

Total 

648 

62.2 

220 

61.6 

CC,  contract  cbain ;  RW,  the  name  reworked ;  CCB,  the  same  mixed  with  holler  iron ;  H.  I,  blooms  of 
experimental  cable. 

Proih  which  may  be  deduced  that  the  average  limit  of  elasticity  is 
not  far  from  62  per  cent,  of  the  tensile  streugth,  and  that  variations 
from  this  mean  of  more  than  5  per  cent,  are  rare. 

The  extreme  variations  in  the  above  table  are  caused  by  the  action  of 
iroD  F,  in  whose  record  is  included  the  history  of  bars  varying  in  diam- 
eter from  3''  to  i". 

The  clastic  limits  from  which  the  foregoing  results  are  deduced  are 
those  obtained  by  noting  the  first  perceptible  stretch,  as  described.  The 
degree  of  dei)endence  to  be  placed  upon  this  method  may  be  judged 
by  the  following  series  of  comparative  tests,  one  of  each  pair  of  test- 
pieces  whose  test  is  given  having  been  tested  by  each  method — ^with 
one  the  instant  of  first  stretch  being  noted,  the  strain  not  ceasing  to 
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accomulate:  with  the  other  repeated  stoppages  took  place,  and  the 
dimensions  were  noted  with  a  magnifying  glass. 

The  time  occupied  by  the  first  meth^  was  practically  none;  by  the 
second  at  least  half  an  honr  on  each  specimen. 

The  approximation  of  the  resnlts  shows  that  onr  system  was  soffi- 
ciently  accarate  for  all  practical  purposes. 

Compari9<m  of  ike  elastic  limit  as  ohtaiMd  &y  careful  test  and  hy  observing  first  stretch. 


Name  of  iron. 


D 

D 

B 

F. 

F. 

F. 

F 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 


S3 

.a 


N 


Elaitio  limit  by— 


Lb9. 
23,2i30 
24,345 
34,000 
23,400 
23. 704 
24.095 
24.750 
24, 170 
25, 280 
30,610 
31,880 
32.480 
37,1G8 
39.  009 
33,007 


o 
•a 


Lb9. 
23,263 
24,284 


2.3,430 
23,030 
24, 951 
24, 501 
26,400 
26,333 
29,041 
32. 163 
31,802 
37,410 
38,002 
34,208 


Lbt 

34,550 
30,000 
33,485 


29,758 
31,267 
35, 864 
35,015 
35,954 
35,304 


Kame  of  iron. 


F 

F 

F 

F 

F 

Fx 

Fx 

Fx 

K 

K 

Cx 

Cx 

Dx 

Dx 


Si 

o 

s 

q3 


Blaatie  limit  by— 


Lba. 
30,437 


40,534 


38,802 
81,830 
82,070 
86,714 
28,604 
26,058 
26,220 
30,027 
20,500 
30,500 


ti  u 

1'^ 


^^ 


Lbt. 
36,407 


40,554 
37,771 
39,050 
31,800 
31,042 
35,523 
28,004 
27,539 
20,526 
30,709 
26,520 
30,430 


o 


I" 


Lb9, 

35^087 
89,103 
39,608 
35.403 
80,006 
84,702 
84,^5 
84^270 


33,426 
80,060 
85,026 


Beoord  in  detail  of  the  tests  by  which  the  elastic  limit  of  pieces  inj^etious  table  were  obtained. 


Ori/sinal  dimen- 
sions of  test- 
piece. 

at  which  no 
id  occurred. 

Dimensions   of 
test-pieco  after 
stress  was  re- 
laxed. 

Amount    of 
change  by 
stress. 

1 

-1 

J 

t 

Remarks. 

i 

-• 

SJ 

^% 

,• 

g 

9  . 

a.s 

^ 
^ 

1 
1 

6 
i 

5 

Is, 

»3* 

(30 

1 

1 

i 
1 

1^ 

e 

e 
3 

// 

// 

Pounds. 

Feunds. 

// 

II 

// 

II 

Pounds, 

D.... 

2 

4.860 

1.000 

18,200 

18,250 

4.863 

1.000 

0.002 

0.000 

23,350 

D 

If 

2.080 

0.725 

10.000 

10,050 

2.090 

0.721 

0.010 

0.004 

24,345 

D  ... 

l| 

2. 520 

0.520 

7,300 

7,400 

2.530 

0.497 

0.030 

0.497 

34,900 

F3d. 

1 

2.568 

0.504 

7,700 

7,750 

2.048 

0.497 

0.080 

0.007 

88.800 

F3d. 

It 

Lost. 
40,534 

F3d. 

2.674 

0.552 

0,000 

9,700 

2.680 

0.549 

0.000 

0.003 

F3d. 

It 

2.065 

0.601 

•  ■  •  • 

10,150 

8.007 

0.595     0.042 

0.000 

39, 103 

F3d. 

3.182 

0.650 

11,000 

12,090 

8.185 

0. 648     0. 003 

0.  ooa 

35.087 

F3d. 

1ft 

3. 042 

0.727 

14,000 

14,140 

a644 

0.727 

0.002 

0.000 

About  half  a  thou- 
sandth reduction. 

F3d. 

Jl 

3.075 

0.802 

19,680 
22,400 

19,700 

35,304 

F3d. 

4.187 

0.877 

22.450 

4.328 

0.862 

0.130 

0.015 

37,158 

F3d. 

2 

4.080 

0.907 

25,250 

25,850 

5.086 

0.986 

0.097 

0.011 

32,460 

F3d. 

2i 

4.816 

0.097 

24.900 

25, 000 

4.917 

0.989 

0.077 

0.008 

81.880 

F3fl. 

il 

4.846 

0.095 

23,700 

23,800 

4.923 

0.988 

0.083 

0.008 

30.010 

F8d. 

4.004 

1. 000 

10,750 

10,850 

4.945 

0.907 

L041 

0.003 

25.260 

F3d. 

3 

4.004 

1.001 

10.000 

10,100 

4.928 

0.998 

0. 024 

0.003 

24.170 

Fx... 

1 

2.400 

0.500 

0.950 

7,000 

2.509 

0.495 

0.019 

0.005 

35,714 

If 

8.050 

0.724 

13,100 

18, 200 

3.060 

0. 719     0. 010 

0.005 

32,070 

2 

4.092 

1.000 

24.950 

25.000 

5.104 

0. 987     0. 112 

0.013 

81,830 

Cx... 

If 

2.983 

0.G01 

7,500 

7,550 

2.992 

0.599  1  0.009 

0.002 

20,220 

Cx... 

1 

2.404 

0.407 

^950 

0.000 

2.510 

0.490  ;  0.022 

0.007 

30. 927 

Dx  .. 

i» 

3.016 

0.600 

7,500 
0^000 

20,500 

I>x.. 

2.505 

0.500 

6.950 

2.520 

0.498 

0.016 

aoo2 

80,600 
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Beoord  in  deUM  of  ike  teats  by  uMck  the  elasUe  limit  of  pieoee,  fo. — Continned. 


I 


P. 
P. 

F 


F. 

F 

P 


o 

I 
S5 


8i 


4 
4 


Original  dimen- 
dons  of  test- 
piece. 


i 
J 


n 

4.990 
4.970 
4.070 

S.000 

4.900 
4.900 
4.000 

4.900 


it 

0.990 
0.909 
L002 

0.999 

1.000 
1.002 
1.002 

1.002 


l\ncfult. 
10,800 
19,150 
20,100 

19,000 

19,000 
18.100 
18,150 

18,700 


10,400 
19,250 
20,200 

19,100 

19, 100 
18,200 
18,260 

18,800 


Dimensions  of 
test-piece  after 
stress  was  re- 
lazed. 


4.996 
4.975 
4.970 

6.005 

4.910 
4.910 
4.015 

4.920 


I 


// 


0. 

0.997 

LOOO 

0.9081 

0.998 
0.997 
0.908 

LOOO 


Amount  of 
otiange  by 
streas. 


i 

I 
s 


n 

0.000 
0.005 
0.006 

0.005 

0.010 
0.010 
0.015 

0.020 


J3  . 


II 

0.001 
0.002 
0.002 

0.005 

0.002 
0.005 

aoo4 
aoo2 


II 


^ 


Bemarks. 


24. 760    Seamy  and  open. 

24.555 

25. 620  ta^eamy  and  slight 
cracks. 

24.370  More  open  than 
the  first. 

24.819 

23.090 

23.140  Seamy  and  very- 
open. 

23.840  Do. 


The  large  barsdiffered  firom  the  small  ones  of  same  iron,  in  that  the 
fiber  was  coarser  and  more  ox)en,  and  in  no  case  did  the  specimen,  after 
once  beginning  to  stretch,  recover  its  original  dimensions. 

INVESTIGATION  OP    THE    EFFECT    OF    DIPFEBENCES  IN  THE  AMOUNT 

OP  EEDUOTION  BY  THE  BOLLS. 

In  procuring  material  upon  which  to  make  tests  by  tension,  both  in 
the  bar  and  link  form,  our  custom  was  to  purchase  firom  manufacturers 
at  least  one  bar  of  each  size  ordinarily  used  in  chain  cables.  Testing 
Hiese  bars  in  their  normal  condition  by  tension,  it  became  evident  that 
the  strength  of  the  different  sizes  was  not  in  proportion  to  their  areas ; 
but  that,  on  the  contrary,  there  existed  a  variation  in  prox)ortional 
strength  which  was  in  accord  with  variations  in  the  diameter  of  the 
bars.  In  general  terms  it  was  found  that  as  the  diameter  of  the  bars 
became  less,  the  strength  per  square  inch  increased;  but  in  comparing 
the  results  obtained  from  a  number  of  such  sets  of  bars,  it  became 
evident  that  the  increase  of  strength  between  the  two  extremes  of  2'* 
and  V  was  not  created  by  a  series  of  uniform  steps  upon  each  successive 
reduction,  but  that  there  was  one  point  in  the  reductions  where  a 
decrease  took  the  place  of  l^e  usual  increase,  and  that  from  this  x)oint 
the  increase  again  began,  and  generally  by  more  rapid  steps. 

Thus,  the  2"  bar  was  of  less  strength  i)er  square  inch  than  the  If;  it 
of  less  than  the  19'^,  and  it  of  less  than  the  i\"j  but  the  strength  of  the 
1|"  was  greater  tnan  that  of  the  1^']  the  If,  1\"^  1\"^  and  sometimes 
the  Vj  being  each  of  increased  strength  in  the  order  given. 

We  found  that  with  a  set  of  bars  of  the  above  sizes  the  difference  in 
proportional  strength  between  the  extremes  was  from  four  to  six  thou- 
sand i)0und8;  that  the  tenacity  of  the  li"  exceeded  that  of  the  2"  firom 
two  to  three  thousand  x)ounds,  and  that  of  the  1^'^  from  one  to  three 
thousand  pounds  per  square  inch. 

As  these  variations  did  exist  in  all  uniform  irons  which  we  examined, 
we  considered  that  they  would  occur  generally  with  other  irons,  and  that, 
80  occurring,  their  eaistence  should  be  taken  into  consideration  in  any 
attempt  to  calculate  the  strength  of  links  or  other  articles  made  from 
b^-iron  of  various  sizes. 

3  T  M 
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Experiments  at  the  testing-machine  afforded  no  indications  by  which 
we  could  determine  anything  in  regard  to  the  causes  of  these  variations. 
We  therefore  undertook  to  watch  all  of  the  processes  connected  with 
the  manufacture  of  a  "set  of  bars,"  in  hopes  that  while  so  doing  we 
should  be  able  to  detect  the  hidden  reason. 

At  our  first  visit  to  a  rolling-mill,  a  set  of  bars  were  prepared  of  care- 
fully selected  material,  and  ca/reful  notes  were  taken  during  the  process 
of  manufacture,  which  are  herewith  reproduced. 

There  were  two  bars  of  each  size  rolled. 


NOTES  m  BEOABD  TO  MANUPACTUEE  OF 


< 

Iron  F.— Second  lot. 

o 

k 

Knraberof 

^ 

1 

Number  of 

in  rolls. 

i 

ll 

Bi 

passes. 

1 
a 

m 

Dimensioni 
piles. 

-^i 

Itasses. 

%4 

o 
to 

S0< 

9  » 

a 

Square 
rolls. 

Ronnd 

TOUS. 

1 

Min.  i 

o 
II 

o  a 

Square 
roUs. 

Hound 
rolls. 

o 

1 

II 

//       II        II 

H.  tfi. 

//    II     II 

A.m. 

Min. 

2 

0x10x20 

2  00 

15 

9 

09  1 

1^  • 

0x0x20 

1  20 

13 

30 

05 

2 

0x10x20 

2  15 

15 

0 

08  ' 

1 

0x0x20 

1  32 

13 

8 

05* 

If 

0x10x24 

2  02 

15 

9 

07 

0x0x21 

1  00 

15             8 

05 

l{ 

0x10x24 

2  23 

15 

8 

07 

0x0x21 

1  04 

15  ;             8 

04 

if 

0x10x21 

1  40 

17 

9 

07 

*l   . 

0x0x14 

I  20 

15             8 

04 

1} 

0  X 10  X  21 

149 

17 

9 

06 

*'i  ' 

0x0x14 

1  20 

15             8 

04 

If 

0x10x18 

1  35 

15 

9 

00 

U 

6x0x12 

1  10 

15             8 

04 

11 

0x10x18 

140 

15 

0 

00 

IJ 

0x0x12 
0x4x14 

1  10 
1  10 

15              8 
15  .           8 

04 
04 

0x4x14 

1  10 

r 

15 

8 

04 

A  study  of  these  notes  indicated  that  if  there  proved  to  exist  any 
marked  difierence  in  tiie  characteristics  of  the  different  bars,  it  could 
not  be  considered  as  owing  to  want  of  care  in  their  preparation. 

No  accident  caused  delays  while  passing  through  the  rolls,  and  the 
number  of  passes  was  quite  uniform.  In  two  cases  there  are  indica- 
tions of  a  possible  irregularity,  due  to  irregularity  in  heating. 

The  If  ^^  piles  were  first  taken  fix)m  the  furnace,  and  although  pro- 
nounced "not  quite  hot  enough,"  were  rolled.  After  which  the  1^'', 
which  was  the  next  one  rolled,  was  kept  in  the  furnace  nearly  half  an 
hour.  In  the  records  fix)m  this  bar  of  If",  we  look  for  the  effect  of  un- 
derheating. 

One  of  the  ly  bars  was,  through  accidental  causes,  retained  in  the 
furnace  twenty  minutes  after  the  other  had  been  rolled.  As  during  this 
time  the  heat  was  not  reduced,  it  was  expected  that  by  the  recoMs  of 
the  two  bars  of  this  size  data  as  to  the  effect  of  overheating  would  be 
procured :  we  were  not  disappointed  in  either  case. 

Throughout  the  entire  examination  of  these  bars  the  action  of  the  If" 
and  1^"  differed  considerably  from  that  of  the  other  bars^  and  it  seems 
probable  that  these  differences  may  be  considered  as  the  direct  effects  of 
under  and  over  heating. 

The  noted  differences  were  as  follows: 

Under  the  turning  tool 

The  majority  of  the  bars  turned  smoothly,  the  shavings  being  pliable 
and  from  six  inches  to  three  feet  in  length,  and  they  could  be  straight- 
ened without  breaking. 
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The  shavings  from  the  If"  were  short,  "  chippy,"  and  brittle,  none 
exceeding  2'',  and  many  not  over  J"  long,  and  when  handled  they  broke 
readily. 

Those  from  the  1^"  bar,  which  was  overheated,  were  very  long  and 
pliable,  a  number  of  them  extending  to  fiom  20  to  30  feet;  they  coald  be 
not  only  straightened,  but  bent  backward,  against  the  natural  coil,  until 
the  ends  of  a  piece  6  inches  long  could  be  lapped. 

Under  impact. 

The  1|"  broke  readily  with  nearly  a  square  break,  showing  about 
three-fbiurths  granulous  surface. 

Hie  1^'  witiistood  extreme  impact  tests,  and  after  being  deeply  nicked 
and  bent  to  angle  of  hammer  face,  the  specimen  was  clos^  down  till  the 
ends  met,  showing  a  long  grey  fiber.    (See  Plate  IX,  Fig.  2.) 

Under  tenHon. 

The  reduction  of  area  and  elongation  of  the  If '^  was  slight  compared 
to  that  of  the  rest  of  the  bars,  and  two  of  the  five  pieces  tested  broke 
square  close  to  the  clamping  heads,  showing  bright  crystalline  structure. 

The  action  of  the  ly  was  the  reverse,  it  showing  under  this  test 
great  ductility. 

JBlastio  limit. 

Compared  with  the  other  bars,  the  elastic  limit  of  the  If"  was  but 
slightly  if  any  affected,  those  of  other  bars  rolled  by  same  train  being 
as  follows :  Tested  as  entire  bars,  1^",  32,019  pounds ;  IJ",  33,322  pounds; 
li''  34,591  pounds,  averaging  33.311  pounds,  that  of  the  If"  being 
34,469  pounds,  which  is  somewhat  nigher,  and  may  indicate  an  increase 
through  underheating,  a  deduction  which  is  supported  by  the  contrast 
in  this  respect  shown  by  the  ot?crheated  ly  bar,  when  compared  to  the 
other  of  same  diameter  and  with  the  other  bars  rolled  from  same  sized 
pile. 

As  shown  thus  by  tests  of  entire  bars : 

Foanda. 

Elastic  limit,  ly,  overheated 23,297 

Elastic  limit  IJ",  no*  ofwAmied 33,593 

Elastic  limit,  li",li",  and  2",  not  overheated 30,441 

Which  shows  a  maiiifest  lowering  of  the  limit  of  the  entire  bar 
through  overheating. 
Tested  by  turned  cylinders,  we  procured  results  as  follows: 

Potindfl. 

Elastic  limit  If ',  uiMlcrheated 37,674 

Mean  of  IVMi",  and  li" 34,344 

Mean  of  l|"  not  overheated 30,505 

Mean  of  If '  overheated 25,737 

Which  shows  that  the  slightly  increased  elastic  limit  of  the  If  ^'  was 
caused  principally  by  the  condition  of  the  core,  and  the  difference  in 
strength  of  the  cares  of  the  two  bars  of  ly  is  leas  than  that  between  the 
entire  bars. 

Tensile  strength. 

TESTED  AS  El^TlKE  BARS. 

Ponndt. 

If" 52,237 

If 62,620 

ij" 51,456 
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Poondfl. 

If  overheated 48,670 

If  not  overheated 49,508 

If 49,738 

TEBTJB1>  AB  CTUKDEB8. 

If 49,219 

If 49.961 

If 49,541 

li'' overheated 48,560 

If  not  overheated 4 49,073 

If 49,549 

From  which  may  be  drawn  the  inference  that  a  slight  irregnlarity  in 
heating  prodnces  no  great  effect  npon  the  tensile  strongth,  bnt  appar- 
ently lowers  it  somewhat. 

The  canses  which  produced  the  irregularity  in  heating  of  the  bars  of 
1|'^  and  1^^'  were  snch  as  in  all  probability  occnr  frequently  in  all  roll- 
ing mills,  and  which,  in  consequence,  enter  as  a  hitherto-unnoticed,  but 
quite  important,  factor  in  the  manufacture  of  iron  bars;  the  approach  of 
dinner  time  hurried  up  the  rolling  of  the  1|''  piles,  and  the  time  occupied 
by  the  men  at  dinner  delayed  the  ly — also,  to  a  less  extent,  the  piles 
for  13"  and  2". 

No  other  exception  to  extreme  regularity  occurred,  and  we  were 
forced  to  search  for  the  solution  of  t£e  problem,  in  some  parts  of  the 
processes  which  were  consistent  with  regularity,  and  in  so  doing  the 
secret  revealed  itself.  For  if,  as  is  generally  admitted,  variation  in  the 
amount  of  work  given  to  iron  produces  variatioDS  in  characteristics,  it 
could  but  be  expected  in  this  case,  when  an  irregular  amount  was  being 
administered  with  the  greatest  regularity,  for  in  the  transformation  &om 
pile  to  bar  the  amount  of  work  varied  upon  each  size. 

The  sectional  area  of  the  pile  for  the  2"  bar  was  reduced  twenty  fold; 
that  of  the  If  pile,  thirty  foULf  and  thatof  thelf^',f^ir^-«ij;fold;  and  no 
two  of  the  intermediate  size  received  tiie  same  reduction,  the  1^'%  for 
instance,  being  reduced  much  less  than  its  predecessor,  the  1|'',  as  will 
be  shown. 

The  areas  of  the  piles  from  which  the  2'f .  1  J'',  If,  and  If  bars  were 
rolled  were  the  same,  viz,  60  square  incnes ;  those  of  the  piles  from 
which  the  IJ'',  If,  li",  and  IJ''  were  rolled  were  also  uniformly  equal 
to  36  square  inches,  that  of  the  V  being  equal  to  24  square  inches.  By 
contrasting  the  areas  of  these  piles  with  those  of  the  resultant  bars,  it 
will  be  seen  that  there  was  a  very  different  amount  of  reduction  pro- 
duced by  the  rolls,  as  follows : 

Ibon  F.— Second  lot. 


Slse  of  bar. 


i 


^0 


00  Moare  inches. 


.do 
.do 


• 

I 


8.1416 
2.7612 
2.4058 
2.0789 


.9^ 


I 


l^ 


6.28 
4.00 
4.01 
8.46 


Site  of  bar. 


i 

o 

I 


SOsonareinchee. 

...do 

...do 

...do 

24  aqnare  Inches. 


i 

O 

\ 


1.7671 
L4840 
1.2272 
0.0040 
0.7854 


.S  o 


d 


4.91 
4.12 
8.41 
2.76 
8.37 
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Thus  the  bars,  as  they  successively  decreased  in  diameter  from  2"  to 
If,  inclusive,  were  reduced  by  the  rolls  each  to  a  greater  extent  than 
was  its  immediate  predecessor.  At  the  1}^'  size  the  reduction  was  but 
slightly  less  than  with  the  2''^  but  from  this  point  increased  up  to  and 
including  tiie  If'^  This  coincidence  between  the  generally  observed 
results  and  the  apparent  causes  was  striking. 

The  tenacity  of  these  bars  agreed  to  some  extent  with  the  amount  of 
reduction,  but  not  so  closely  as  had  been  expected.  Their  order  of 
comparison  of  reduction,  and  tenacity,  as  judged  by  the  tests  of  entire 
bars  and  cylinders,  was  as  follows : 


Order  of  Talne. 

» 

n 

P 

Order  of  value. 

o 

Tenaoityaa— 

Bednctionof 
area. 

Tenacity  a»^ 

s! 

Bar. 

Cylin- 
der. 

Bar. 

Cylin- 
aer. 

i$ 

1 

If 

2 

1 
3 
6 
8 

1 

4 
2 
8 
5 

1 
•     2 
8 
7 
5 

Underheated. 

4 
6 
7 
9 

6 
7 
8 
9 

4 
6 
8 
9 

Oyerheated. 

It  is  to  be  noted  that  the  t^ndEarheated  1|^',  which  as  entire  bar  ranked 
No.  3  in  tenacity,  as  a  cylinder  ranked  below  most  of  those  less  reduced. 

Subsequent  experiments  with  other  irons  led  us  to  believe  that  all 
of  the  above  bars  received  so  much  work  that  the  slight  differences  be- 
tween the  amounts  received  by  the  different  ones  did  not  amount  to  a 
large  proi)ortion  of  the  entire  work  received;  hence  that  its  effect  was 
lost,  and.  judging  by  the  1|^'  bar,  it  seemed  probable  that  slight  and 
unnoticea  irregularities  in  heating  produced  effects  which  canceled  that 
due  to  variations  in  reduction.  This  belief  was  stxengthened  by  the 
contrast  in  action  of  the  ly  and  If  bars ;  the  former  was,  we  knew, 
slightly  overheated  and  the  latter  rolled  at  too  low  a  heat. 

The  proprietor  of  the  rolling-mill  was  present  when  this  explanation 
of  the  irregular  strengtJi  of  different  sized  bars  presented  itself,  and  be- 
came so  much  interested  in  the  result,  which  seemed  to  point  out  a 
method  by  which  even  his  remarkably  uniform  iron  could  be  improved  in 
this  respect,  that  he.  gave  orders  to  the  superinteudent,  to  furnish  the 
Board  with  all  of  the  material  and  labor  required  to  carry  the  investiga- 
tion throagh,  and,  in  compliance  with  these  orders,  the  experiment  was 
repeated,  and  another  set  of  bars  rolled  by  the  same  mil),  of  the  same 
material,  the  set  comprising  bars  of  all  sizes,  ranging  by  ^"  from  4/' 
diameter  to  \"  diameter.  The  iron  was  very  carefully  heated,  and  re- 
ceived a  very  uniform  number  of  passes  through  the  rolls;  the  sizes 
from  i^"  to  y  averaging  12  passes  (11  to  13)  through  rough,  and  12 
through  flnishingroUs;  from  V  to 2'',  inclusive,  averaging  12  through 
rough,  and  12  through  finishing-rolls;  and  from  2^"  to  A!'^  10  through 
rough,  and  13  through  finishing-rolls. 

The  dimensions  of  the  piles,  the  proportion  borne  by  the  areas  of  the 
resultant  bars,  and  the  tensile  strength  and  elastic  limit  per  square  inch 
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of  the  bars,  as  found  by  tests  made  apon  them  entire,  and  upon  cylin- 
ders turned  from  the  cores,  are  given  in  the  following  table : 

Iron  F— Third  lot. 
Comparisoiu  of  the  reduction  hy  the  rolU,  with  the  effects  upon  ten<iciiy  and  elastic  limit. 


i 

o 


I 


i.: 


Smiareinekei. 
80 
80 
80 
80 
80 
80 
80 
72 
72 
36 
36 
36 
36 
86 
36 
23 
26 


12i 
9 
0 
3 


Percent. 

15.70 
13.80 
12.03 
10.37 
&83 
7.42 
&13 
6.52 
4.36 
7.67 
&68 
6u76 
.4.00 
4.12 
3.41 
3.90 
3.14 
4.91 
3.60 
2.50 
2.17 
8.68 
1.60 


Tensile  strength. 


Elastic  limit 


Entire  Imu*. 


Pounds. 


47.844 
48,505 
47,872 
49.744 
60.547 
50,520 
60,820 
52,339 
62,729 
50.149 
61,921 
60,716 
50,673 
62,297 
52.275 
54,098 
67,000 


Core. 


Pounds. 
46.322 
46,667 
47,000 
47, 014 
47, 761 
46.466 
47.428 
49,290 
48,280 
49, 370 
48,792 
40,144 
51.838 
48,810 
49,801 
50,530 
51, 128 
50,374 
60.276 
51.431 
52, 775 
54,108 
59,585 


Entire  bar. 


Pounds. 


29.758 
31,237 
85,864 
35,615 
35,054 
85, 3M 
35, 087 
39,103 
39,608 
35.493 
39,066 
33, 931 
33,933 
34,450 
38,445 
38, 475 
Lost. 


Core. 


Pounds. 

23,430 
23,636 
24.051 
24,591 
26,887 
26.333 
29,941 
32,163 
81,892 
37,043 
So,  992 
34,208 
36,467 


40, 5:^ 
37, 771 
38,098 
33, 204 
35,933 
34, 545 
39, 12G 
40, 213 
Lost. 


A  study  of  the  preceding  table,  in  connection  with  the  subject  under 
investigation,  shows,  first,  that  upon  the  nine  successively  decreasing 
sizes,  viz,  from  4f'  to  2'',  there  was  but  one  exception  to  a  constant  rise  in 
tenacity  accompanying  the  increase  of  reduction  by  the  rolls,  and  that 
the  elastic  limit  rose  upon  each  successive  reduction  with  two  exceptions, 
which  are  very  slight,  it  falling  off  350  pounds  in  oue  and  G7  pounds  in 
another  instance;  the  tenacity  of  the  2"  ^.36  per  cent,  of  pile)  being 
over  that  of  4"  (15.70  per  cent,  of  pile)  1,106  pounds  and  the  elastic  limit 
8,462  pounds. 

From  ly  (7.67  per  cent,  of  pUe)  to  1\"  (3.41  per  cent,  of  pile)  the  iron 
was  somewhat  irregular,  and  there  was  but  a  slight  rise  in  tenacity,  viz, 
^1  pounds,  but  in  the  elastic  limit  the  rise  was  4,993  pounds. 

The  tenacity  of  the  y  (4.91  per  cent  of  pile)  was  but  104  pounds 
greater  than  that  of  1^"  (4.90  per  cent,  of  pile),  that  of  ^"  (2.50  per  cent, 
of  pile)  nearly  corresponding  with  that  of  1|''  (4.12  per  cent,  of  pile). 

The  eftect  of  tjie  reduction  was  most  marked  on  the  smaller  sizes,  the 
^"  (2.17  per  cent,  of  pile)  having  nearly  5,000  pounds  less  tenacity  than 
the  i"  (1.60  per  cent,  of  pile). 

The  notes  taken  at  the  mill  do  not  indicate  that  either  bar  was  under 
or  over  heated,  but,  judging  by  the  results  of  the  previous  experiment, 
there  are  indications  that  the  1  J''  bar  was  overheated^  inasmuch  as  the 
strength  of  the  core  exceeded  that  of  the  entire  bar. 

So  far  as  this  experiment  was  expected  to  account  for  the  usually 
found  greater  strength  of  the  1^"  bar  it  proved  a  failure,  for  it  was 
weaker  than  the  bars  immediately  succeediug  or  preceding,  out  we  con- 
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sidered  that  the  information  gained  as  to  the  probable  efiect  of  under 
and  over  heating  was  of  value. 

The  indications  being  that  if  a  bar  is  underheated  it  will  have  an  unduly 
high  tenacity  and  elastic  limit,  and  that  if  overheated  the  reverse  will  be 
the  case;  further,  that  if  imJ^rheated  the  strength  obtained  by  a  cylin- 
der, turned  from  the  core,  will  be  less  than  that  which  would  be  obtained 
by  testing  the  entire  bar,  if  the  diameter  be  small,  and  greater  if  the 
cylinder  is  turned  from  a  large  bar. 

It  is  x>08sible  that  the  jjbove  two  points  are  interdependent,  as  the 
large  bars  arc  more  apt  to  oK  irregularly  heated  than  the  small  ones,  and 
some  portions  of  the  pile  must  be  in  a  state  fit  to  roll  before  other  por- 
tions are  sufSciently  heated ;  these  overheated  portions  we  turn  oft'  from 
the  bar  to  produce  the  cylindrical  test-piece. 

As  in  the  previous  experiment,  we  believed  that  the  thorough  work 
received  by  all  sizes  put  them  in  a  condition  which  prevented  the  effect 
due  to  a  slight  difference  in  the  reduction  being  plainly  manifest.  We 
therefore  selected  for  another  experiment  the  bars  of  a  very  slightly 
worked  iron,  viz,  iron  N. 

Iron  N. 

Dimensiana  of  pilea,  areas  of  piles,  of  hare  in  percentage  of  those  ofpiles,  tenacity ,  elastic 

limit,  ^c. 


Size  of  bar. 

Dimensions  of  piles. 

Azea  of  piles. 

AreaoflMffsin 
per  cent,  of 
area  of  piles. 

Tensile 
stxength. 

ElasUo  limit. 

IfiOus, 

In^es, 

Sware  inches. 

PereenL 

Poundg. 

Pounds, 

2 

6x4  x26 
6x4  x21 

27 

11.68 

51,848 

32.461 

i; 

27 

10.22 

54,034 

83. 610 

1 

6x4  x21 

27 

8.00 

55,018 

84,283 

1 

6x4  x  16} 

27 

7.68 

66, 8U 

85.889 

1 

4  X  8  X  25 

15 

11.78 

53,550 

84,690 

1 

4x3   x28 

15 

9.90 

54,277 

83,623 

1 

4x8  xl7 

16 

8.18 

56,478 

33,251 

1* 

4  X  8}  X  16 

15 

6.62 

56,143 

32,267 

The  above  results  supplied  the  missing  evidence ;  with  few  exceptions 
the  tenacity  and  elastic  limit  increased  upon  each  successive  increase 
in  the  amount  of  reduction  by  the  rolls,  as  shown  more  plainly  thus, 
where  they  are  arranged  in  the  order  of  their  reduction : 


Bise. 


Inches, 


Precedence  in— 


SedncUon. 


1 
2 

8 

4 
6 
6 
7 
8 


Tensfle 
strength. 


3 
1 
2 

4 
5 
8 
7 
6 


Elasfio  limit 


8 
1 
6 
3 
4 
6 
7 
2 


Bemarks. 


The  tensile  strength  of  2'^  bar  was  probably  greater  than  recorded, 
the  iron  being  so  brittle  that  the  head  of  test-piece  pulled  off,  and  the 
bar  could  be  broken  by  sledge  blows  without  previous  nicking.  This 
iron,  under  every  form  of  test,  showed  by  its  marked  contrast  with  iron 
F  the  disadvantages  which  follow  too  little  work. 


40 


TESTS   OF  METALS. 


IBON  A. 


Our  next  experiment  was  with  iron  A,  and  the  dimensions  of  the  piles, 
areas  of  bars  in  percentage  of  that  of  piles,  tenacity,  elastic  limit,  &c., 
are  given  in  the  following  table. 

The  piles  of  this  iron  were  for  the  four  largest  sizes  10"  x  IC,  and  for 
the  other  five  sizes  8^'  x  9" ;  these  were  reduced  by  the  steam-hammer 
to  C  X  C  and  5"  x  5".  As  with  the  previous  irons,  we  have  neglected 
all  preliminary  work  and  based  our  researcbuipon  the  effects  of  the  final 
rolling  alone,  we  do  the  same  in  this  instanR. 

Iron  A. 


Area  of  bar 

Siseof  bar. 

Area  of  pile. 

inperoeDt 
of  area  of 
pile. 

Tensile 

Elastio  limit 

Bemarka. 

Inohei, 

Squanineku. 

PereerU. 

Poundt, 

Pounds, 

2 

80 

8.72 

60.171 

27,600 

11 

86 

7.67 

60,850 

27,600 

• 

If 

86 

6.68 

61,509 

20,400 

]| 

86 

6.76 

64,344 

82,000 

Underheated  when  rolled. 

1| 

25 

7.07 

51,884 

28,800 

If 

25 

6.94 

68,557 

83.000 

!♦ 

25 

4.90 

63.870 

27.600 

is 

25 

8.98 

53.685 

27.650 

25 

8.14 

64,600 

80.500 

The  preliminary  hammering  had  undoubtedly  a  great  effect  upon  this 
iron,  which  was  made  by  combining  old,  very  coarse,  and  brittle  chain- 
iron,  with  old  boiler-iron,  and  in  regularity  and  uniformity  was  very  liable 
to  prove  a  direct  contrast  to  iron  F,  which  was  carefuUy  made  of  sdect 
material,  yet  we  find  the  same  law  operating. 

On  the  first  four  sizes  every  decrease  in  the  percentage  of  the  piles 
area  given  to  the  bar  was  followed  by  an  increase  of  tenacity  and  a  higher 
elastic  limit. 

The  1|'',  through  accident,  got  quite  cool  before  it  was  rolled,  which 
probably  increased  its  tenacity.  With  the  five  smaller  sizes  there  was  a 
marked  increase  between  the  extremes ;  the  1^"  (7.07  per  cent,  of  pile) 
having  tenacity  2,806  and  elastic  limit  1,700  pounds  less  than  the  V 
(3.14  per  cent,  of  pile). 

The  elastic  limit  was  generally  low,  but  in  this  respect  this  iron  jpos- 
sessed  a  feature  peculiar  to  itself — ^it  was  made  of  materials  differing 
greatly  in  strength,  and  the  weakest,  or  boiler-iron,  stretched  first,  then 
the  other  iron ;  but  once  stretching  together,  it  would  resist  increased 
stress  with  very  slight  change.  It  stretched  in  parts,  but  broke  as  a 
unit. 

IHON  P. 

The  manufacturer  of  iron  P  having  complied  with  our  request,  by 
causing  notes  to  be  taken  during  the  manufacture  of  a  set  of  bars 
furnished,  we  were  able  to  obtain  from  its  record  more  confirmatory 
data. 

EXPERIMENTS  WITH  IBON  P. 

This  iron  was  made  in  this  manner:  puddled  iron  bars,  3'^  and  &' 
wide,  were  piled  endwise  and  crosswise;  this  pile  was  then  heated  and 
hammered  into  a  bloom  8'^  square,  which  was  rolled  into  bars  6''  wide 
and  ^"  thick,  which  were  piled  lengthwise,  ten  deep,  making  a  pile  6" 
X  7^,  for  all  sizes  from  2"  to  l^f'^  inclusive. 
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The  li"  and  V  bars  \yere  made  £rom  billets  3^'^  square,  rolled  firom 
the  blooms,  then  reheated  and  rolled  to  the  requiml  sizes. 
The  dimensions  of  piles,  &c.,  are  given  in  the  following  table: 


Iron  P. 


Area  of  bar  in  per 

Sise  of  ter. 

Area  of  pile. 

cent  of  area  of 
pile. 

Tensile  etrength. 

Slastio  limit. 

Inthm. 

8quanineh$i, 

Per  cant 

Poundt, 

Poundi. 

2 

45 

&M 

50,834 

31.878 

U 

45 

&13 

62,800 

82.818 

]t 

45 

5.34 

52,849 

83.482 

u 

45 

4.eo 

55,634 

83.522 

iX 

45 

8.91 

54,145 

83.146 

If 

45 

aso 

66,280 

84.762 

u 

45 

2.72 

66,871 

86.868 

iZ 

46 

2.21 

^,498 

Lost. 

1 

45 

1.74 

50,755 

89.280 

In  this  case  there  was  but  one  exception  to  the  constant  increase  of 
tenacity  and  elastic  limit  prodaced  by  the  increased  reduction  by  the 
rolls. 

The  li"  bar,  through  some  unknown  cause,  differed  greatly  from  the 
others,  both  in  action  under  stress  and  in  appearance  of  fracture. 

All  of  the  others  showed  great  reduction  of  area  and  close  fibrous 
structure;  this  bar  broke  with  almost  imperceptible  reduction,  and 
showed  a  bright  crystalline  surface. 

This  iron  was  excellent  bar-iron,  but  had  received  too  much  work  for 
cable-iron,  its  welding  qualities  being  impaired,  and  the  forging  neces- 
sary to  produce  the  Ihik  reduced  tiie  strength  of  the  part  forged. 

The  manuflaicturers  prepared  another  set  of  bars,  one  course  of  heat- 
ing and  hammering  being  omitted.  The  iron  was  piled,  also,  in  a  differ- 
ent manner  from  P^  as  wiU  be  seen  in  ttie  foUowiQg  table,  which  gives 
the  data  embraced  in  the  previous  table. 

This  iron  was  distinguiidied  as  P«  (or  P  experimental). 

Ibon  Pjb. 


Aroa  of  bar  in  per 

* 

Siaeof  bar. 

Area  of  pile. 

cent,  of  area  in 

Tensile  strength. 

Elastio  limit. 

• 

pile. 

Inekt§. 

Squar0inehs$, 

P§reenL 

Pounds. 

Poundi. 

2 

49.5 

6.35 

52, 509 

81, 198 

1 

' 

45 

6.18 

51,762 

82,261 

■ 

42 

&72 

54,212 

83.908 

40.5 

6.21 

64,689 

83,427 

1 

40.5 

4.86 

64,854 

84,617 

86 

4.11 

1 

8L5 

8.89 

56,884 

88,921 

The  results  are  irregular,  but  as  between  the  extremes  of  size  are 
confirmatory  of  the  previous  experiments. 

Further  confirmation  was  obtained  in  an  indirect  manner  by  the  re- 
sults of  tension-tests  upon  iron  E.  We  tested  two  sets  of  bars  of  this 
iron  furnished  at  different  times;  with  each  set  we  found  that  the  falling 
off  of  strength,  usuaUy  occurring  at  the  1^"  size,  did  not  take  place,  but 
that,  on  the  contrary,  the  li"  possessed  more  tenacity  than  the  l^"y  and 
the  If  much  less ;  thus : 

First  set,  2",  tensile  strength,  61,162;  1^",  62,000;  IJ",  66,416;  If', 
62,264  pounds. 

Second  set,  1|'',  62,675;  IJ'^  64,644;  If",  53,900  pounds. 
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IJpoii  parchasing  a  third  set  of  bars  (^liich  have  not  yet  been  tested), 
the  dimensions  of  the  piles,  together  with  all  data  as  to  the  constnictiou 
of  the  iron,  were  also  furnished,  and  upon  the  assumption  that  the  man- 
ner described  is  the  nsaal  manner  by  which  bars  are  rolled  at  this  mill, 
we  find  an  explanation  of  the  low  tenacity  of  the  If  bars  of  preceding 
lots. 

NOTES  IN  BEGABB  TO  MANTJFAOTUBB  OF  UNTESTED  BABS  OF  IBON  £• 


Area  of  bar  in 

1 

Area  of  bar  in 

Size  of  bar. 

Area  of  pile. 

per  cent,  of  area 
of  pile. 

Sice  of  bar. 

Area  of  pile. 

per  cent,  of  area 
of  pile. 

Inches. 

Square  inehet. 

PereenL 

Inehet. 

Square  inches. 

Percent. 

5 

63 

81.17 

H 

40k 

a88 

n 

63 

28.13 

2 

85 

8.08 

621 

8a  28 

1 

35 

7.80 

4 

62{ 

23.05 

1 

20 

ao8 

3} 

52{ 

21.04 

1 

20 

6.08 

n 

87| 

25.65 

1 

20 

5.04 

871 

22.12 

1 

18: 

1L20 

8 

87| 

1&85 

1 

1ft 

0.26 

2f 

87Z 

15.84 

H 

13 

7.50 

21 

40£ 

12.10 

1 

H 

8.16 

When  this  series  of  bars  is  tested  by  the  testing-machine  of  the 
Board,  if  their  tenacity,  &c.,  corresponds  with  the  above  reduction,  we 
will  be  still  more  assured  as  to  the  effect  upon  the  same  material  of 
different  amounts  of  reduction. 

The  evidence  submitted  is  of  sufficient  value  to  justify  us  in  asserting 
that  variations  in  the  amount  of  reduction  by  the  rolls  of  bars  from  the 
same  material  produce  fully  as  much  difference  in  their  physical  char- 
acteristics, as  is  produced  by  differences  in  their  chemical  constitution. 

EXPEBIMENTS  UNDEBTAKEN  WITH  THE  PXJBPOSE  OP  PBODUOINO  UNt- 
FOBM  TENSILE  STBENGTH  IN  BABS  OF  YABIOUS  SIZES. 

In  order  to  ascertain  beyond  question  if  the  rule  would  work  both 
ways,  and  uniform  tenacity  be  secured  by  uniform  reduction,  a  series  of 
experiments  was  carried  on  at  the  rolling  mills  where  those  upon  iron 
F  had  been  made.  The  material  (crude  and  reheated  slabs)  was  given 
to  us  by  the  mill  owner,  and  was  identical  with  that  from  which  iron  F 
was  rolled. 

Three  sets  of  bars  fipom  V  to  2"  were  rolled  during  this  research, 
which  are  called  in  this  report  Fa?,  Nos.  1,  2,  and  3 ;  the  first  two  sets 
were  not  successful,  the  testing-machine  showing  our  failure;  the  third 
proved  a  success. 

The  following  is  a  brief  Mstory  of  thsse  experiments : 


First  experment. 

Fa?,  No.  1. 

In  preparing  the  piles  for  the  first  set,  they  were  so  graduated  that 
the  percentage  of  the  piles'  area  borne  by  the  bar  should  increase 
slightly  upon  each  reduction  in  diameter  of  the  bar,  it  being  believed 
that  the  additional  work  thus  given  to  the  smaller  sizes  would  in  a  meas- 
ure counteract  the  possible  differences  which  might  be  due  to  overheat- 
ing of  the  large  and  underheating  of  the  small  bars. 
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The  dimensions  of  piles,  &c.,  are  given  in  the  following  table,  together 
with  the  tensile  strength,  elastic  limit,  &c.,  of  the  resultant  bars : 

Fa;  No.  1. 

Dimensions  ofpHes,  of  hars  in  per  cent  of  area  of  jy'des,  tenaeity  and  elasiio  limil  of  aeries 

of  hars. 


Siseof 
bus. 

Dlmensloiis 
ofpUeB. 

Area  of  piles. 

AieftofbarBin 
per  cent,  of 
area  of  piles. 

TensUe 
strength. 

Elastic 
limit. 

Bemarks. 

Jnehss. 

IncAef. 

SquoreineKes. 

Percent 

Pounds. 

Pounds. 

BxlO 

80 

8.93 

52,011 

84,702 

1  ' 
1 

8x   9 

72 

8.83 

52,874 

85.641 

8x   8 

64 

8.75 

53,846 

86,573 

1 

0x10 

60 

8.45 

63,537 

84,235 

1 

6x  9 

54 

8.27 

63,401 

34.307 

6x   8 

48 

8.09 

52,068 

33,275 

ATerases  63, 121  T.  S.  and 
34,700£.L. 

il 

6x   8 

48 

2.65 

65.307 

84,784 

6x   6 

80 

2.76 

66,434 

84,682 

6x   6 

80 

2.62 

65,770 

34,270 

Averages  55, 887  T.  &  and 
84,582£.  L. 

The  results  show  a  nearly  uniform  tenacity  for  the  first  six  sizes,  then 
an  increase,  which  remains  quite  uniform  for  the  other  three,  the  elastic 
limit  remaining  very  uniform  throughout. 

The  tenacity  of  the  2"  bar,  rolled  by  the  usual  process  (iron  F,  2''),  its 
area  being  5.23  per  cent,  of  pile,  was  47,569  pounds,  showing  an  increase 
upon  this  size  by  the  experimental  process  of  4,442  pounds ;  and  the 
increase  in  the  elastic  limit  (5,910  pounds)  was  still  more  marked. 

No  explanation,  except  that  they  were  possibly  not  enough  heated, 
accounts  for  the  increased  tenacity  of  the  1^'  and  f  bars  j  the  1  J"  wa^ 
by  mistake  rolled  from  too  large  a  pile. 

Weighing  the  merits  of  this  iron  as  adapted  for  cable,  it  is  evident  by 
our  tests  that  although  the  increase  of  work  improved  it  as  bar-iron,  yet 
as  cable-uron  it  was  not  so  valuable  as  that  made  of  the  same  material 
by  the  usual  processes ;  and  further,  that  although  the  strength  of  the 
entire  bars  was  increased  by  the  extra  work,  yet  that  of  the  core  of  the 
iron  was  not,  as  shown  by  the  following  tests : 

Teneile  strength  and  elasUo  limit  of  three  bars  iron  Fx,  as  found  hy  rupture  of  entire  hars 

and  of  turned  (flinders. 


sue. 

TeasDe  strength. 

XlasUc  limit 

Sntliebttr. 

Cylinder. 

Entire  bar. 

Cylinder. 

Jnehes. 
2 

Pounds, 
62,011 
68,687 
68,670 

Pounds. 
45,964 
47,124 
49,656 

Pounds. 
84. 702 
34,235 
84,279 

Pounds. 
81,830 
82,070 
85,714 

The  difference  in  each  factor  diminishing  as  the  diameters  decrease.* 

With  iron  Fa?  the  small  bars  were  not  so  much  overworked  as  the  larger 

ones.    Tests  by  impact  showed  that  while  the  bars  were  entire  those 

which  had  received  the  most  work  were  stiffer  than  the  others,  but  that 

a  slight  cut  through  the  skin  reversed  their  value.    The  blows  were  of  a 

*A  similar  difference  between  the  elements  of  tensile  strength  and  elastic  limit  as 
fiplven  bv  entire  bar  and  cylinder  occurs  in  a  greatly  overworked  bar  of  iron  D,  a  soft 
rivet  mixture. 
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lOO-pound  hammer  dropped  30  feet,  aod  the  deflectioQ  at  each  blov 
being  noted,  proved  as  above  stated. 

Cvi»pariaon  of  111*  effeett  produced  bg  inpaet  upoit  bari  of  iron*  F  and  Ft. 


Buanotnioked. 

Buanioked. 

DtBacOaa  piodoMd  b;  «ch  blow. 

Ut 

M. 

u. 

.0. 

nh. 

Oth. 

- 

IB 
!T 
23 
M 
S9 

BrofcB. 

i 

Broke 

UO 

Broke 

I^ke. 

BlDk> 

03 

02 

05 

U. 

107 

100 

w 

Brake 

110 

lis 

The  blows  marked  "  a"  behig  irom  2,000  to  1,000  foot-poands  less  than 
those  given  to  the  other  bars.  All  of  the  pieces  were  of  uniform  pro- 
portional length  (12  diameters)  and  treated  nnlformly. 

Thas,  throughout,  the  bars  of  iron  Fx,  when  not  nicked,  withstood,  with 
less  deflection  than  iron  F,  the  same  blows;  when  nicked,  the  case  was 
^versed,  except  in  the  case  of  a  few  bars  of  F,  which  broke  at  fewer 
blows  than  Fx  resisted,  from  which  data  we  argue  that  the  inciease  of 
work  strengthened  the  outer  portitm  of  the  bar  much  more  than  it  did 
the  interior,  and  that  the  elastic  limit  was  raised  with  the  strength^  the 
bars  thus  gaiuing  in  resilience  and  tenacity. 

As  cable,  the  welding  qualities  of  Fa;  were  inferior  to  those  of  P,  and 
this  inferiority  was  greater  with  the  larger  bars. 
Fa:,  Nos.  2  and  3. 

A  second  attempt  to  prodace  a  set  of  bars  of  uniform  tenacity  resulted 
in  a  complete  failure,  dne,  we  were  assured,  to  a  misnaderstanding  in 
regard  to  heating  the  piles,  bat  on  a  third  attempt  we  were  succes^l, 
as  shown  by  the  following  table,  in  which  the  osiial  data  are  given : 

FiNo.  3. 

Dimentioiu  and  area*  o/pilm,  area»  of  bart  in  percentagm  <^  artat  of  piles,  ieniiU  ttrength, 

eUuiic  limit,  4-0.,  ofntnt  Ian. 


1 

■s 

1 

■s 

1 
i 

i 

1 

III 

t 

1 

1 

■s 

1 

•3 

-4 

1 

1 

•s 

1 

ja 

1 

i^^s: 

JncAo. 

Pwndt 

8     in 

Ferzl 

1 

^* 

s2.Gie  1  u,%to 
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The  pile  for  the  2"  was  necessarily  too  small,  as  there  were  no  rolls  in 
the  mill  which  would  take  a  larger  pile.  The  record  is  however  of 
value  a«  a  contrast  to  that  of  the  other  eight  bars,  the  average  of  whose 
tensile  strength,  53,401  pounds,  and  of  elastic  limit,  34,365  pounds,  is  but 
slightly  varied  from  by  any  of  the  bars. 

It  is  assumed  that  the  record  of  the  foregoing  bars  is  sufScient  to 
establish  more  firmly  the  assertion  already  made  in  regard  to  the  effect 
of  different  amounts  of  reduction. 

Two  practical  results  of  value  may  be  deduced  from  this  investigation 
of  the  action  of  the  rolls. 

The  first  is,  that  as  important  differences  exist  in,  the  proportionate 
strength  of  different-sized  bars  made  of  the  same  material,  which  are 
due  entirely  to  differences  in  the  processes  by  which  they  are  manufact- 
ured, and  as  the  elimination  or  reduction  of  such  differences  would 
necessitate  such  a  great  and  expensive  change  in  the  system  by  which 
the  bars  are  produced  that  it  is  not  probable  that  it  will  be  often 
attempted,  it  is  necessary  that  these  differences  should  be  taken  into 
consideration  when  estimates  of  the  strength  of  any  structure  in  which 
rolled  wrought  iron  of  difierent  sizes  is  introduced  are  made,  and  in  all 
tables  of  strength  based  upon  the  strength  of  such  bars. 

sSecond,  that  where  the  increased  value  of  the  bars  will  justify  the 
increased  expense  of  their  production,  those  of  2"  diameter  can  be  in- 
creased in  strength  over  15,000  pounds,  and  it  is  not  improbable  that 
bars  of  4J'  diameter  can  have  the  strength  increased  over  60,000  pounds, 
as  opposed  to  direct  tension,  with  no  loss  in  their  power  to  resist  sudden 
strainfiu 


tests  of  uetal8. 
The  Bae— Paet  H. 


TABULATED  RECORDS  IN  DETAIL  OF  THE  RESULTS  OBTAINED  FROM 
TENSION  TESTS  UPON  OVER  TWO  THOUSAND  TEST-PIECES  OF  DIF- 
FERENT WROUGHT  IRONS. 

STIC    LIMIT,  THE   ULTIMATE   STRENGTH    AS    OBSERVED 
TO  VARIOCS  AREAS,  TDK  ELONOATIOS  A 
}  DEEK  MADE  l\'  INVESTIOATIOKS  OV  THE 
STRENGTH   Of   ROUGH   AKD   Tl 
FROM    PILE    TO    DAIiS,    AND    < 
STRESS,    ANU  OF    X'ARIATIOKS  IN  RAFIDITV  OF   APPLICATION  OF   STRESS. 

Teniion-tal*  vpon  routid  ban  of  roUed  iroa. 

let  ctufD-fnm  on  bimd  *t  navr-yafd,  VBahlogton.    Tittpisesa — Turned 
iifllndcn.    HMKnji-maehaM— fi. 
Iron— CONTRACT  CHAIN-IROM. 
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Ten9ion»te8U  upon  round  hara  of  rolled  t><m*-Contlnae<L 


40 
41 
42 

43 
44 

45 

46 
47 

48 

40 
50 
51 

52 
53 
54 


n 

H 


'A 


lA 


DimenBionB  of  test-pieoes. 


Bjameter. 


1 


n 

.565 
.665 
:665 

.564 

.664 
.664 

.565 
.665 
.565 

.564 

.564 
.564 


I 
I 


.461 
.463 
.480 

.460 
.468 
.450 

.410 


•  4co 
.401 
.440 


\\  -564  •  .416 
*'     .564  ,  .451 

.504  I  .448 


liicingth. 


I 

o 


2.26 
2.S6 
2.26 

2.27 
2.27 
2.27 

2.26 
2.26 
2.26 

2.20 
2.26 
2.20 

2.26 
2.20 
2.20 


At  fracture. 


^  d 

P-4 


2.05 
2.78 
2.82 

2.77 
2.76 
2.85 

2.07 
2.75 
2.70 

2.72 
2.55 
2.80 

3.03 
2.85 
2.80 


66.6 
67.1 
72.2 

6&6 
68.8 
63.6 

52.6 

74.0 
75.8 
60.0 

54.4 
64.0 
63.0 

80.5 
23.0 
24.8 

22. 

2L6 

25.5 

8L4 
21.7 
10.5 

20.4 
12.8 
23.8 

34.1 
2a  1 
23.8 


StMBB  in  potmds  at— 


§ 

-i 

1 
> 

s* 

1 

Xa 

o 

■4^  n 

:S3 

B.a 

J 

a 

w^ 

© 

I 

80,514 

12,820 

30,000 

14,200 

30,600 

14,025 

84,028 

13,100 

80,832 

14,875 

88,130 

13,850 

80,514 

18,050 

80,888 

14,025 

87,216 

13,125 

25,651 

14,125 

47,806 

17,450 

32,064 

14,225 

35,038 

18,750 

86,860 

13,650 

30,070 

14,485 

CD 

I. 


51, 136 
56,641 
55,043 

52,442 
57,546 
54,863 

52,054 
55,043 
52,853 

66,545 
60,856 
56,045 

55,044 
54,044 
57,068 


.2 

I 


o 

Q 


50.6 

60. 

70.8 

66.8 
09. 2 
70.1 

5a  6 
71.3 
71. 

45.2 
6«.5 

oas 

63.6 
67.4 
68.7 


C 
R 
M 

0 
B 
M 

C 
R 
M 

C 
R 

C 
R 
M 


Remarks. 


Dark,  flbrona. 
Fiber  and  granitlar. 
Do. 

Brt.,  fiber. 
Do. 
Do. 

Steely,  fiber. 
No  improvement. 
Do. 

Brt.,  steely. 

No  Improvement. 

Much  improved. 

Fine,  steel-like. 
No  improvement. 


InveftHjfOtion*— Comparison  of  streneth  of  rongh  and  tamed  bars  and  of  variation  in  rapidity  of  ap- 
plication of  stress.    rMt-piMe»— Tamed  cylinders.    Te«etn£r-inacA{n«— B. 


Jroti— GoHTBACT  CHAnr-iBoir. 


Bar. 


Dimension  of  test-pieces. 


» 

^ 

i: 

.o 

% 

% 

0 

s 

fl 

s 

«» 

E 

3 

s 

H 

s 

II 

1 

Stress  in  pounds  at— 


Diameter. 


e« 


II 


65 

56 

57 

At. 

68 

GO 

60 

61 

At. 

63 

63 
64 
65 


M 
II 


2A 


11 


II 


II 


.517 
.518 
.517 


.402 
.402 
.402 
.402 


.875 
.875 
.788 
.782 


I 
I 


II 


.410 
.418 
.433 


.320 
.816 
.840 
.324 


740 


.788 
668 


liieingtli. 


II 


LOS 
1.08 
L08 


1.57 
L56 
1.60 
1.58 


8.60 
8.50 
8.87 
8.87 


II 


2.88 
2.85 
2.41 


4.06 
8.81 
4.15 
4.72 


At  fractare. 


66.0 
65.1 
70.0 
07.0 

67.0 
61.6 
75,0 
65.0 
07.1 

71.5 


87.8 
78.0 


I 


20.7 
18.8 
22.5 
20.7 

16.5 
10.0 
15.8 
26.8 
17.6 

l&O 

1L7 

7.2 

22.0 


u 

ll 


1 


■§ 


84  258 
84,082 
32,000 
33,088 


80,750 
80,525 
20,650 
24,250 


1 


? 


»4 
ft) 


9 


58,837 
61,700 
60,863 
60,400 

50,300 
58, 700 
60,500 
00,265 
58,680 

51,138 

60,751 

42,287 

50,480 


Remarks. 


Rough. 
Do. 
Do. 


Tamed. 
Do. 
Do. 
Do. 


28  minutes  under 

strain. 
80  minutes  under 

strain. 
5miDates  under 

strain. 
7  minutes  nnder 

strain. 


The  2A"  bar  of  contract  chain>iron  was  probably 
rolled  iitm.    By  thoroogli  reworking  it  was  greaUr 

Ko  result  of^anyvalne  is  determined  by  the  ai 
nptore  was  produced  was  greatly  varied. 


of  as  brittle  and  coarse  a  qufdity  as  is  ever  found  in 
mproved. 
ve  test,  during  which  the  rate  of  speed  by  which 
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TeMian  tests  upon  round  bars  of  hammered  iron. 


Invettigaticn^FtoA-aelioa  of  valiuible  ohain>lron  firom  oombination  of  aMorted  wmp-iron. 

Ban  awaged  by  hand.    TetHng-maehina^A.. 


JroM— Hammered. 

(Blooma  ftom  which  iron  A,  experimental  cable  inm,  waa  rolled.) 


Bar. 

• 

M 

s 

1 

!i 

i 

E 

Bo 

B    1     H 

fl  i    g 

-g  1    % 

Z  ,    & 

H 

1*" 

Dimenaiona  of  teat>pieoea. 


06 

67 
68 
69 
70 
71 
72 
73 
74 
75 
Av. 

76 

77 

Av. 

78 
79 
80 
81 
82 
83 
84 
85 
86 
Av. 

87 

88 

89 

90 
Av. 

91 

92 

93 

94 
Av. 


Diameter. 


i 


// 

2 

tt 

It 
II 

14 
II 
II 
.  II 
It 
It 


IS 


If 


It 
11 
II 
II 
II 
II 
I* 

II 


u 


}} 


n 

2.02 
2.06 
1.05 
L95 
1.99 
2.02 
2.03 
2.03 
2.02 
2.02 


L84 
L83 


I 


It 

1.55 
L69 
1.62 
L60 
L69 
1.64 
1.75 
1.65 
1.64 
1.74 


1.39 
L45 


1.61 
L60 
1.61 
1.60 
L02 
1.60 
1.63 
1.03 
1.61 


L60 
L23 


1.28 
1.21 
1.82 
1.25 
1.28 
1.23 
1.23 
1.25 
1.17 


LIO 
a97 


1. 14  ;  0. 80 
1.12  ,  0.83 


L81 
1.51 
1.51 
1.02 


1.88 

1.08 

1.15 

.80 


Length. 


6.00 

9.00 

6.  CO 

10.00 

13.25 

10.00 

8.50 

8.50 

8.50 

8.50 


12.30 
13.00 


7.37 
9.65 
7.40 
7.33 
9.44 
9.44 
20.00 
90.00 
9.00 


10.00 

5.00 

4.00 
4.00 


10.00 
7.88 
7.40 
4.00 


< 


II 

7.73 
11.18 

7.60 
12.64 
15.95 
11.98 
10.15 
10.85 
10.40 
10.15 


15.05 
15.86 


8.98 
11.19 
&86 
8.72 
1L75 
ILIO 
24.90 
23.80 
10.90 


12.43 

&93 

M7 
4.97 


12.43 
9.18 
9.18 
4.72 


At  fractoie., 


Btreaa  in  poanda. 


66.9 
67.3 
69.1 
65.5 
63.9 
66.0 
74.8 
66.0 
66.0 
74.0 
07.1 

57.1 
02.8 
•0.0 

63.2 
57.2 
67.2 
61.1 
62.6 
59.1 
57.0 
56.8 
63.0 
60.8 

60.0 

62.8 

49.8 
68.7 
51.5 
58.2 
51.2 
58.0 
6L6 
57.3 


i 
I 


8 

P4 


20.0 
24.0 
25.0 
25.0 
20.0 
20.0 
19.4 
22.0 
S2.8 
19.4 
32.0 

32.0 
22.0 
23.0 

22.0 
16.0 
20.0 
19.0 
24.0 
l&O 
21.0 
19.0 
21.0 
30.0 

24.0 

19.0 

29.0 
24.0 
36.6 
25.0 
24.0 
23.0 
18.0 
33.5 


84,199 
26,403 
22,0o9 
29,000 
27.781 
80,600 
84,939 
85,217 
35,295 
85,444 
31.087 

81,049 

80, 110 

30,580 

20,233 
28,165 
27,853 
29,139 
83,071 

84,  o4o 

28,850 

29,500 

20,000 

80.078 

28,000 

25,000 

24,480 
24,900 

34,690 
88,000 
28,424 
32,764 
35,000 

82,307 


Tenaile  limit. 


I 


167,230 
173, 180 
155. 712 
161, 760 
167, 040 
172,032 
172,500 
176, 600 
172, 000 
174, 000 
160,105 

132,480 

140, 160 

136,330 

111,860 
111,360 
112.800 
114, 240 
108,480 
U1.300 
116, 000 
119,000 
104, 352 
113,000 

02,640 

57,280 

56,100 
55, 542 
65,831 
139,000 
91,680 
92,960 
45,600 


o 

a 

P 

P4 


61, 960 
52,500 
52, 138 
54,000 
53,710 
53,070 
53.290 
54,525 
53,664 
54,290 
53,374 

49,823 
53,292 
61,568 

54,605 
55,875 
55.402 
56.807 
52,034 
55, 375 
56,000 
57,000 
61.200 
54,043 

48,100 

48,100 

64,960 
56,887 
65,673 
52,420 
51, 217 
54,167 
55,800 
53,401 


88.622 
77,209 
75, 550 
77,003 
84,108 
81,454 
71,725 
82, 5n 
81,439 
73.129 
70,383 

87,330 
84.806 
80,113 

80.6?6 
06,835 
82,456 
93,105 
84.289 
93.686 
97.643 
96,984 
07,069 
03,000 

87.644 

75^510 

111,697 

105,773 

108,185 

92, 914 

100,077 

98.320 

90.710 

04,365 


I 


05.4 
51.3 
42.3 
54.0 
5L7 
57.0 
65.6 
64.6 
65.6 
65.8 
58.3 

62.3 
5&5 
50.4 

53.4 
50.0 
40.8 
51.3 
62.8 
63.0 
62.0 
51.8 
56.1 
64.0 

53.0 

6L0 

44.5 
44.2 
48.8 

61.2 
55.5 
60.4 
63.2 
00.0 


Thiairon  waa  mannfikctnred  from  selected  conttact  chain-iron  mixed  with  old  boiler-iron.  Teat- 
pieoea  were  awaged  from  the  blooma  and  tested  by  tendon  and  impact  cell  of  the  blooms,  which  paaaed 
aatiafnctory  testa,  waa  rolled  into  iron  A  or  ezpenmental  cable-iron. 
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TentUm  ImtB  itpan  rawnd  hsra  of  hamtMred  iron — Continaed. 
JnmttigoHtn^^ChaatiCtet  of  the  ^irae  of  the  swaged  bus  Kos.  66  to  76.    Tut^i^et   Tmned,  eyUnden. 

JroM— Hambiierbd  (blooms  from  which  iron  A  wae  rolled). 


I 

1 


97 


IM 
101 

m 

108 
104 
106 
100 
107 


100 
UO 
lU 
▲t. 


Dlmenaioiui  of  teet-piecee. 


Dfameter. 


.002 
.007 
.874 
.074 


•  686 


.607 
.007 
.607 
.607 
.603 


.780 
.726 
.700 
.776 
.776 
.447 
.606 
.468 


.420 
.400 
.468 
.440 
.426 
.400 
.447 
.460 


Length. 


"a 


§1 

4.00 
8.00 
8.08 
8.80 
8.80 
2.20 
2.20 
2.28 
2.28 
2.28 
2.28 
2.20 
2L20 
2.22 
2.80 
2.26 
2.26 


&82 
6.20 
&02 
4.06 
4w0e 
2.70 
2.51 
2.88 


2.07 
2.07 
2.00 
2.91 
2.82 
8.02 
2.87 
2.72 


At  fitftotore. 


64.3 
63.4 
60.8 
08.8 
88.8 
02.6 
•70.9 
64.3 


57.5 
67.0 
08.8 
60.2 
6&2 
6L8 
62.1 
60.6 
60.0 


I 
I 


8L0 
88.8 
27.8 
27.2 
28.0 
28.5 
♦11.0 
26.3 


30.0 
30.0 
26.6 
27.0 
27.0 
23.8 
27.8 

2ao 

27.1 


Streaa  in  pounds 


26,027 
26,617 
34,374 
38,210 
30,107 
38,805 
86,896 
34,623 
38,306 
34,942 
36^600 
39,646 
89,306 
31,683 
32,871 
36,831 
38,281 
33,048 


Tensile  limltb 


38,400 
36,700 
30,300 
36,050 
83,000 
12,600 
13,120 
12,050 
12,825 
13,000 
13,126 
12,900 
13,125 
12,500 
12,725 
13,000 
12»460 


48,002 
47,488 
61,866 
60,000 
61,805 
50,018 
62.338 
51,665 
49,162 
51,854 
52,358 
51,271 
51.060 
40,605 
50,300 
51,485 
60,131 
50,736 


00,502 
88,005 
86,640 
80,866 
81,331 
80,870 
*66,602 
80,836 


t»,066 
00,802 
80,878 
86,343 
88,000 
97,360 
82,666 
72,048 
86,009 


53.8 
74.1 
6612 
63.0 
58.0 
07.3 
70.0 
06.1 


67.4 
68.0 
77.1 
75w6 
64.0 
66w2 
7L6 
76.3 
•7.7 


Figiiies  marked  *  oienot  oomsideKed  la  avenges. 


ToMion  tetts  upon  round  har$  of  rolled  iron. 


tests  of  experimental  oable  lion.     A«Cd»<soss— Bars  as  roUed  and  eylindsn. 
TuMmff-mmcMntB^A.  andB. 


Isosr  A. 


i 
i 

I 


112 

113 

114 

115 

116 

•117 

•113 

UO 

120 

At... 


INmensloiui  of  test-pleoea. 


It 

2.00 
2.00 
100 
100 
100 
100 
100 
100 
100 


1.48 
LOO 
LOO 
L40 
L61 
L83 
LOO 
L48 
L64 


Length. 


II 

7.00 

100 

100 

9.00 

ILOO 

ILOO 

ILOO 

ILOO 

ILOO 


aoi 

0.00 
0.71 
11.60 
1108 
1170 
n.82 
1107 
13.62 


At  fraotnxe. 


56b0 

oao 

08.0 
66.0 
67.0 
•84.0 
•90.0 
65.0 
610 
60.0 


23.0 
2L0 
2L0 
210 
240 
*16b0 
♦010 
24.0 
24.0 
13.0 


Stress  in  poonds 


3L780 
27,607 
27,027 
28,118 
28,720 
27,507 
80,868 
29,363 


Tensile  limit. 


28,864 


171800 
166,090 
100,800 
155,040 
150,569 
158,120 
144,480 
161720 
153,792 
160,000 


56,014 
40,062 
61,198 
49,360 
50,796 
48.743 
45,998 
51,805 
48,962 
60,700 


100,406 
71084 
75,210 
88,899 
81134 
•58,220 
•50,963 
94,604 
82,560 
80,136 


87.7 
614 

64.0 
57.0 
610 
60.4 

67.1 
56.7 
60.0 
67.8 


4  T  M 


TESTS   OF   UETALS. 

IbMlm  Iwb  t^<m  nmmd  ban  of  rolUd  frv»— Conthiiied. 

Dtoir  A — Continued. 

SlfMa  In  ponnda  ikt— 


=4.  i 


i(  III 


I 


I 


83,177  ! 

sasBT 
Bo,Gn 

so,  MS 


Tb«  abore  tart*  xlve  bat  tb*  mliilaiui 
of  masolkatim  WM  »  lion ,  and  boUit 


lie  BxperlmentaJ 
ed.i£*t  ««  001 


thiDOfpi  debet  of  Sj»«rMik,  &a.,  wen  ooDaIdei«d  nuoltable  lb 
TeelaIlM.U3taU0««enpgoeDtlTeb*n,  bymar"—  *     "- 

the  bm  vhiah  wete  rolled  from  tfae  bloome,  tne  t(_ 
TlgDiee  marked  *  >»  sot  cooddared  in  aTcnsee. 


le  Iron,  ineunnoh  ■■  oar  praoeee 
kSDrd  to  t«U  only  moli  ban  aa 
ble. 

amcn'llud^B  tnzned  fron 
ronibered  «e  to  lU. 


i 

•s 

Stnwlnpoimdaat- 

1 

mMoMei. 

Lengtlu 

AtfrMttnn. 

^ 

Tcaalle  limit. 

1 

1 

1 

1 

1 

1 

1 

^3 

i 

1 
It 

■i 

1 

1 

n 

.3 

1 

*T0 

aLD 

44,11s    u,a»o 

110,314 

n 

7T 

70 

tin 

At. 

la-ii 
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TntioH  te»ta  upon  round  hara  of  rolled  iron — Continued. 
Ibon  a  (experimental  cable)— Continaed. 


I 


& 


145 
146 
147 
At. 

148 
149 
150 
At. 

161 
153 
At. 

154 
1» 
At. 

IM 
167 


•• 


?# 


» 


168 
150 


leo 

161 

At. 

162 


If 


Hi 


}f 


DIiiunalanA  of  twt-pieoM. 


L26 
LM 
L26 


L87 
L87 
L87 


L60 
L60 


L63 
1.61 


1.74 
L76 


L88 
L68 


S.01 
S.01 


S.13 


n 
.87 


.96 
.98 


1.69 
L02 


1.94 
L16 


1.96 

1.96 


L85 
L87 


L50 
L46 


L69 


Tiwigth. 


7.0 
7.0 
6.6 


7.0 
7.0 
7.0 


7.0 
7.0 


ILO 
ftO 


ILO 
9.0 


12.0 
12L0 


12.0 
laLO 


12.0 


a76 

a73 

7.10 


&70 
&74 
&78 


&71 
&86 


18.11 
ia76 


18L28 
11.18 


14.61 
14.80 


14w87 
14.80 


14.06 


At  tnctoxt* 


4&6 
4&6 
44.4 
48.1 

49l0 
4&0 
46.0 
47.7 

4&8 
46.8 
46.8 

68.0 
60l6 
64.7 

62.6 
60.5 
61^ 

82.0 

6ao 

69.6 

66.0 
68.0 
64.6 

6&0 


26.0 
94.7 
29.0 
96.9 

24.8 
26.0 
26.4 
94.8 

24.4 
28.4 
96.4 

19.0 
19.0 
19.0 

20.7 
23.6 
92.1 

2L0 
2a6 
19.9 

19.7 
28.6 
91.6 

17.0 


Btnaa  in  pounds 


25^086 
26^118 
31,296 
97,468 

88»916 
88»867 
88,800 
t8»660 

28,704 
28^800 
98J07 

82,605 
81,722 
8946S 

29,718 

29,210 

10,464 

20,741 
27,766 
98,718 

80,700 
80,226 
80,487 

30,459 


Tensile  Umit. 


1 


66,866 
66,816 
65,664 
66.119 

78,482 
78;  624 
79,776 
78,944 

90,624 
92,786 
01,680 

111,744 
112,224 
111,984 

128,744 

123»936 

128,840 

142,080 
140,160 
141,120 

163,200 

161,280 

162,240 

170,784 


68,670 
64,461 
63,616 
68,879 

63,210 
63,340 
64^122 
68,667 

61,286 
52,482 
61,884 

64,218 
64^461 
64,884 

68,058 
60,960 
61,600 

61,200 
60,608 
60,864 

61,402 
60,828 
61,116 

48,382 


U^776 
109^858 
113,088 
111,227 

108,861 
U0,025 
117,438 
119,241 

110,909 
118,404 
119,201 

92,603 
106,172 
904*8 

99,283 
100,007 
90,620 

99,287 
96,088 
97487 

98.869 
96,844 
04,861 

82,864 


46b6 
4a7 
68.5 
61.8 

62L4 
68.6 
62.6 
69.8 

66.1 
54.8 
66.4 

00.2 
58.2 
60.1 

87.0 
67.3 
67.2 

6ao 

54.0 
56.0 

69.7 

58.6 

60.6 

63.0 


The  teste  Koe.  180  to  162,  inchithre,  were  made  upon  ban  of  the  experimental  cable  iron  mannfitctnred 
on  the  97th  of  Febmaiy,  1876,  which  for  experimental  pnrpoaes  were  rolled  to  the  sizes  indicated.  The 
teats  of  ohsin  Ib^ks  msde  from  these  bars  are  given  on  pase  177,  and  on  Plates  YII  and  yah  is  ahown 
the  aotion  of  the  iron  when  submitted  to  tests  for  dnctlli^:  the  1"  haying  been  tied  into  an  oyerhand 
knot,  the  14"  ent  into  a  screw  and  bent  double  cold  by  impact,  and  the  U-inoh  bar  havinff  been  bent 
double  cola  In  two  dixsetlons.  For  strength  and  uniformity  as  chsfai  oable,  the  bars  ranfed  No.  2  in 
eompettttra  test  with  16  ironsi  in  resistance  to  shock,  Ko.  1  (see  page  225). 
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Ill 


L,Mli 


Tnuion  teiU  upon  round  hara  of  rolled  iron — Continaed. 

of  Iron  M  adapted  IbrohftinoftUM.    Competitlveteoiof  iroii«B,G,B,H.L  J, 
l]^lbij,1874.    Tutpi§o§»   bara — rolled  and  groovod  oylmoaiB.   Titting^naieMnM^-ULBnaB. 

IronB. 


i 


1 


168 

184 

to 

IM 

1«7 

108 

to 

170 

171 

172 

to 

174 


i 

i 


! 

\ 


•t 


•• 


U 


Dimenilona  of  tost-pieoes. 


Diameter. 


I 


U 


lA 

I  aq.  Indi. 

IH 

I  aq.  Inoh. 

IH 

|aq.  Inoh. 


I 


lA 


Iiength. 


Atfkaoton. 


M 

S7.0 


t7.0 


S7.0 


8LS 


tLO 


n.6 


«.S 


54.9 


MLO 


§ 

■3 


1&9 


l&O 


lft.6 


Stxeoa  In  ponnda 


7 
11 


Tenaile  limit 


1 


88^000 


121,160 


14a;  MO 


64,808 

64,778 
64,181 
68^188 


86b 

08,217 


o 


88^027 


08^780 


IBON  C. 


176 

lA 

176 

II 

177 

i| 

178 

IH 

179 

U 

180 

lit 

lA 

27.0 

m 

64.6 

1&2 

82^665 

84k  000 

61,766 

94,806 

lA 

27.0 

Ml 

68.7 

18.0 

88^880 

90.100 

62.700 

84.101 

lA 

27.0 

814 

88.4 

16.7 

81,080 

101,700 

4%  090 

91,870 

lA 

27.0 

814 

67.6 

1&7 

80,862 

121,000 

60,812 

74,668 

lA 

27.0 

8L0 

60.6 

16.0 

88,184 

Ul,400 

49,821 

84,668 

If 

27.0 

801 

87.6 

18.0 

80,814 

181,600 

80,909 

—a 

88;  682 

68L1 
68L6 
68L4 

6L8 
66L6 
60.9 


iBOir  E. 


181 

182 

to 

184 

185 

186 

to 

188 

180 

100 

to 

102 

103 

194 

to 

196 

197 

198 

to 

200 

201 

202 

to 

204 


\ 

V 


II 


ti 


If 


II 


IH 


II 


U 


•I 


3& 

I  aq.  inoh. 

II 

i  aq.  inoh. 

If 

f  aq.  indi. 

IH 

I  aq.  inoh. 

U 


IH 

I  aq.  inoh. 


If 


lA 


lA 


lA 


27.0 


27.0 


27.0 


27.0 


27.0 


27.0 


80.8 


8a6 


aof 


80LO 


8U 


8L0 


4ao 


66.8 


68.4 


60.6 


6L0 


68.4 


18.0 


14.4 


ULO 


ILl 


1&7 


14.8 


82,642 


88,027 


88,746 


88,649 


81.214 


28^767 


87,662 


96,884 


100^248 


116^641 


119^806 


128;  792 


68,894 
51,966 
64,644 

61,200 
62,676 
62,800 
62,120 
68,000 
40,816 
60,320 
60,807 
49,950 


60.8 


60.6 


64.6 


62.7 


62.7 


09.2 
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Tmuion  tests  upon  round  bars  of  rolled  iron — Gontinned. 

TntttfiffttHim    Ob*"*^^**'  m  adapted  for  ohain  cables.    Competitive  test  cm  eight  irons.    Tut^fiecet— 

Bazs  as  rolled  and  grooved  cylinders.    Tstang-macMnes—A.  and  B. 

IBON  G. 


I 

a 


'8 
I 


205 


208|) 


2U9 

210 
to 

212 

213 

214 

to 

216 

217 

218 

to 

220 

221 

222 

to 

224 

225 

226 
to 

228 


It 

It 

V 

If 

V 

(.. 


Dimensions  of  test-pieces. 


DIftmeter. 


I 


1* 

i  sq.  Indi. 

U 

I  sq.  inch. 

If 

\  sq.  inch. 

Itt 

\  sq.  inch. 

U 

f  sq.  inch. 

1« 

\  sq.  inch. 


1ft 


u 


If 


lA 


4 


lA 


Length. 


97.0 


87.0 


37.0 


37.0 


27.0 


27.0 


8U 


81 


80f 


80f 


80i 


80ft 


Atfraotnxe. 


6L8 


66.8 


7L6 


00.6 


78.6 


62.9 


I 


1&8 


14.8 


1L6 


18.0 


12.0 


18.0 


Btcess  in  poonds  at— 


a 
u 

0) 

1^ 


82,584 


86,425 


88,818 


84,160 


96,264 


88,666 


Tensile  limit. 


% 


96;  400 


01,800 


106,200 


116,800 


121,200 


129,800 


Si 


68,288 
62,067 
h,958 
66,167 
61,206 
64,960 
61,789 
61,267 
60,896 
61,287 
60,810 
60,850 


Si 


h 


86,921 


99^854 


71,624 


86^696 


68,687 


79,980 


5 


I 


61.1 


08.1 


65.6 


66.0 


72.0 


6&7 


Iron  H. 


229 

1ft 

230 

to 

232 

!■• 

233 

If 

234 

to 

236 

i" 

237 

u 

238 

to 

240 

}■• 

u 

\  sq.  indh. 

If 

i  sq.  indh. 

U 

I  sq.inoh. 


lA 


U 


1ft 


27.0 


27.0 


27.0 


29ft 


814 


80 


62.7 


69.2 


79.7 


9.8 


16w7 


ILl 


29,992 


99,864 


27,866 


92,700 


108,600 


129,400 


62,462 
68,800 
62,814 
62,167 
63,800 
51.217 


88,708 


88;  419 


67,486 


67.1 


66.1 


5L7 


IBOK  I 

■ 

241 

[.... 

27.0 
37.0 

271 

78^800 

44,600 

242 

243 

244 
to 

^ 

68,666 
68,676 
60,687 

247 

248 

to 

251 

252 

to 

s 

• 

255 

241  hroke  at  weld  at  very  slight  stress,  iron  very  red-short  and  worthleAS;  242  and  248  broke  whUd 
welding  on  loopa,  and  wcro  not  testcil. 
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Temrion  tests  upon  round  hars  of  rolled  •r<m--Gontiiiiied. 

Iron  J. 


i 


1 


I 


u 

B 

§ 


DimfiDsioiis  of  test-pieoea. 


Diameter. 


Length. 


At  frM)taz6. 


266 

207 

to 

259 

260 

261 

to 

263 

264 

265 

to 

267 

268 

269 

to 

271 

272 

278 

to 

276 

277 

278 

to 

281 


lA 


If 

\- 

IH 

\ 

!•■ 


lA 

4  sq.  inoh. 

Ik 

i  sq.  inoh. 

1| 


tt 


iH 

I  sq.  inoh. 

1* 

I  sq.  inoh. 

IH 

I  sq.  inoh. 


u 


If 


lA 


1* 


u 
27.0 


27.0 


87.0 


27.0 


87.0 


27.0 


80| 


291 


8L0 


Wk 


80| 


1 


75u6 


OOLS 


7L6 


66L4 


79.7 


68.5 


12.0 


14.0 


9.8 


14.8 


U.6 


14.0 


Strofla  in  ponnds 


7 


Tensile  limit. 


1 

S 


81,800 


-I. 
fell 


90,200 


109,400 


121,000 


128,000 


126,800 


50,400 
47,067 
61,047 
51,867 
62,748 
60,867 
54,114 
51,788 
58,864 
61,750 
48,968 
48,800 


2^ 

P 


k 


fe.g 

P4 


66^666 


90,744 


78,670 


81,481 


66,828 


71,477 


I 

S4i 


e 

Vi 

o 

I 


The  fraotared  surfiwe  of  thi«  iron  piesented  %  resemhlanoe  to  oharooal,  toiv  inferior,  and  oalled  by 
the blaokemlth  "rotten." 

Iron  L. 


282 

lA 

283 

to 

285 

\  " 

286 

i* 

287 

to 

288 

f  It 

290 

If 

291 

to 

293 

>  ** 

294 

IH 

295 

to 
297 

>  *' 

298 

1* 

299 

to 

301 

>  ** 

002 

m 

to 

305 

lA 

i  sq.  inoh. 

1* 

\  eq.  inoh. 

If 

I  sq.  inoh. 

IH 

I  sq.  inoh. 

U 

\  sq.  inoh. 

IH 

\  sq.  inch. 


lA 


lA 


lA 


27.0 


27,0 


27.0 


87.0 


87.0 


87.0 


891 


881 


28t 


81| 


80 


81i 


32,162 


28,979 


44>792 


82.688 


86,257 


84,961 


112,280 


123^800 

18,792 
189,200 

19,767 
128,700 

14,067 
146,000 

29,850 
145,000 

29,800 


'69,206 
66,167 
69,779 
76,167 
67.116 
79,067 
66,828 
66,267 
60,291 
68,700 
66,200 
59,600 


46.4 

40.9 

102,882 

6QL7 

111,748 

69.0 

118,774 

60.1 

107,169 

68.2 

The  physical  tests  indicated  that  this  material,  sent  in  to  compote  with  chain  iron,  was  steel,  the 
grain  befn^  fine  and  silvery,  taper  at  fracture  very  abrupt,  and  welding  power  low.  Chemical 
analysis  confirmed  the  resalts  of  pnysical  tests.  As  tliis  is  tho  only  material  which  came  up  to  the  gor^ 
emment  standard  of  60,000  lbs.  ttmsile  strength,  its  results  as  chain  are  interesting  and  valuable. 
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limakm  Uttt  i^Km  round  ban  of  rolled  iron— OontinoecL 

IBOK  M; 


i 
I 


Dtmrnirinnit  of  teit-pieoe8. 


Lengtjh. 


At  ftttOtHTB. 


i 

1 


Strem  In  poonda 


TeniUe  limit 


i 


I 


''a 


806 
307 
908 

909 

to 

3U 

813 

to 

814 

815 


H 


If 


k  iq.  inch, 


I  aq.inoh. 


#/ 


## 


S7.0 
27.0 
tl.O 


87,100 
85^600 
98,200 


00^207 

07.207 
01,880 


An  the  tan  broke  at  weld  with  low  strain,  lion  red-ehort  and  woithleaa.  It  may  or  may  not  be  the 
•ame  iron  aa  that  of  whloh  a  large  qpantity  waa  anbaequenTly  receiyed  by  the  department  and  whoae 
reoord  ia  glTen  under  same  aymMl,  li. 

^Die  same  oontraotor  ftiiniahed  both,  and  atatea  them  to  be  the  same. 


IwuttSgation   Character  of  Iron  aa  adapted  for  chain  cables.    Ite^pisMt— Bars  aa  rolled  and  toned 

cyUndera.    T8iHing-maithin§    A . 

IbonB. 
(Chain  bolta  deUvered  and  claimed  to  be  of  same  Iron  aa  aamplee  Koa.  168  to  174  indnaive.] 


1 


816 

817 

818 

819 

At. 


I 


IMmenaiona  of  teat-pleoea. 


»* 


t4 


321 
888 

At. 

167 


324 
825 
At. 

171 


1» 


•I 


»# 


«* 


"     " 


»* 


?H 


•• 


'^ 


II 


i 


Tiwigth. 


ti 


12.00 
12.00 
l&OO 
18.00 


l&OO 
l&OO 
l&OO 


l&OO 
l&OO 
l&OO 


1&25 
14.00 
2L5 


2L87 
20.40 
2L12 


21.87 
21.75 
21.87 


Atfractnre. 


8 
1 


8&4 
6&8 

64.2 
76.6 
72.9 

61,8 

6&4 
6&4 
60.5 
04.4 

54.9 

67.6 
67.6 
67.6 
57.6 


ia4 

1&6 
10.4 


15.5 

15.7 

1&7 
l&l 
17.8 
16.4 

15.0 

1&7 
20.8 
21.6 
20.8 


Streaa  in  pounds 


31,238 
85.490 
88,868 
29,675 
82,414 


88,488 
82,630 
38,318 
88,145 


34,159 

32,690 

85,271 

84,009 


62.9  I     16.6  I 


Tensile  limit 


88,710 
86^400 
84,860 
84,480 
84,863 

89,090 

120,960 
116,930 
116,930 
118,278 

131,150 

139.470 
180, 180 
187,470 
187,028 

142.660 


51,677 
68,234 
52,285 
52,061 
52,287 

54,893 

54^096 
52,294 
62,294 
52,895 

54,181 

63,282 

62,768 

63,282 

58,109 

55,294 


II 


8-| 


61,870 
78,040 
85,872 
68,850 
78,588 

89,637 

82,814 
7&740 
87,422 
86,825 

98,786 

92,572 
91,670 
92,572 
92,371 

87303 


s 

o 


6a5 

6&6 
6&8 
56.8 
61.9 


6L9 
62.4 
6&7 
63.7 


6L1 
6L7 
6&1 
68.0 
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Tension  tests  upon  round  bars  of  rolled  iron — Contmued. 

Tettitng-madrin$   B. 
Iron  B — Contiiiaed. 


I 


I 


I 


DtmimirimM  of  teft-pieoes. 


Bbuneter. 


827 
828 


880 
331 
882 


334 
885 
Av. 


886 
337 
338 
389 
340 
341 
342 
348 
Av. 


844 
845 
846 
847 
848 
840 
860 
to 
862 
Av. 


tt 


IxA 


It 


ti 


i( 


i" 


}^H 


ti 


It 


I" 


5 


m 

•I 

II 

14 


» 

.665 
.565 
.665 
.665 
.665 


,800 

,800 

800 

,800 


.800 
.800 
.800 

.800 


u 
.605 
.470 
.425 
.442 
.440 


.630 
.645 
.627 
.637 


.610 
.608 
.618 

.610 


Length. 


It 

L80 
L80 
L80 
L80 
L80 


L80 
L80 
L80 
1.80 


1.80 
L80 
L80 

L80 


At  frMtore. 


// 

L68 
1.64 
1.75 
1.72 
1.60 


Gr'v© 

1.78 
L72 
L76 
1.78 


Gr've 

L74 
1.75 

L78 

1.79 


Gr»ve 


1 


8ao 

60.5 

66.7 

61.4 

60.8 
M.6 


62.2 
65.0 
6L5 
63.6 

62.9 

60.0 
57.6 
5&8 

60.0 
69.1 
•2.9 


•3 


§ 


l&O 

26l2 

84.8 

82.7 

80.7 
28.4 


88.5 

82.7 

84.6 

88.6 
88.8 

16.6 

88.2 
85.6 
87.5 

8ai 

864 
16.6 


Btreas  In  poundi 


7 


I 

s 


Tensile  Umit. 


.d 


48.868 

49,512 

50,468 

68,271 

60,106 
60,221 

64,778 

61,228 

61,000 

60,925 

60,228 
60,844 

58,188 

49,880 
49,860 
49,200 

60,162 
49,709 
62,217 


{ 


^ 


The  twta  marked  *  h.  tlioM  of  tha  aample  b«(,  repradnoMl  ibr  tMdy  oompaifaon,  mad.  npoa  the 
giooTed-*h>ned  teat-pieoe.  the7  ahov,  by  oomparlaon.  with  fhe  leaolta  obtained  by  o^iadiioat  teat- 
vlooea  (whloh  irare  auU  t'^r  thirt  firr  anrnirary)  thtt  nimni  arliring  fhtm  Tiarr  nf  thnhimrirTaaa  nr  rnrmtfl 
teat-pieoeai 
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Tenaion  testa  upon  round  ban  of  rolled  iron — Continned. 

JmwmH^mUan    Ohagacter  of  Izan  m  adAptod  tot  ohaln-oablee.    TetPpiteea   Bun  tm  rolled.    HmMn^^no- 

eMfid— A. 

IronC. 

[Cludn  bolts  daUvered.] 


154 


SS6 

At. 


▲t, 


864 

an 

At. 


» 


«« 


«t 


•t 
U 


•« 
14 


BfaneiMdaiiB  of  (est-pleoM. 


M 


i^ 


iJk 


Tiength. 


ft 


17.0 
1&6 


10l6 
1915 


ao.o 

12.0 
12.0 
10.0 
20.0 


I 


4 


## 


!!S 


ffl{ 


140 


AtfrMtue. 


1 


02.7 
e2.7 
82.7 
6&3 
02.7 


68.4 
53.4 
68.4 

60.2 


67.5 
61.8 
52.7 
07.5 


22.0 
18i8 


18.5 
20.6 


ia7 

16.7 
16.7 
18.7 
l&l 


Stress  in  pounds  «t— 


li 

o 


20,881 


35,867 
87,487 
85^867 
84.770 

86,880 

83,800 
82,402 
31, 030 
85,180 
88,207 

81,000 

31,631 
32,820 
31,030 
31, 057 
20,935 
81,850 

80,859 


TensOe  limit. 


■i 

I 

O 


98,880 
96^040 
97,926 
100,800 
96,060 
07,021 

08400 

116,160 
117, 120 
112,320 
117, 806 
116,740 

101,700 

120,600 
130, 360 
134,400 
130,600 
129, 716 
130,835 

121,000 


•8 


8^ 


56^956 
68,726 
56,418 
57,045 
54,872 
55,404 

52,700 

66,010 
56.473 
54,158 
56,878 
55,870 

40,080 

63,883 
54,282 
55,878 
54,290 
63,728 
54,410 

50,813 


I 


85,868 
88,460 

101,408 
87.688 

00,520 

84,101 

104,928 

105,799 

101,468 

96^921 

102,020 

91,870 

79,852 
87,935 
99,334 
80,468 
79,615 
85,441 

88,552 


68.4 


64.7 
66.7 
6&3 
02.9 

08.0 

63.4 
57.3 
62.0 
63.4 
01.7 

08.4 

6L3 
69.5 
57.1 
55.1 
60.5 
57.8 

01.8 


Tests  msrked  *  sre  those  of  the  original  sample  bars— the  remainder  of  iron  deUyered  to  fill  oon- 
traet  whioh  this  iron  gained  on  these  sises  in  the  competitiTe  test.  It  will  be  noticed  by  atady  of 
thereooEd  as  chain  lin&s  that  the  sample  bars  of  low  tensile  strength,  produced  by  fitrthe  strongest 
sad  most  imifiinn  chain  links.    Thns, 

Ih  inch  sample  link,  178,200  ponnds,  iron  deUyered  160,264  pounds. 
11    »•  "  192,000        "  "  192,685 

••  ••         241,000       "  "  280,000 


a 


I* 


Iron  C. 

[Bars  pniohased  fbr  testing  purposes.] 


jl 


867 
808 
Ay. 


» 


870 
171 

tn 


14 
If 
li 

2 


Diameter  of  test-pieces. 


Diameter. 


l\ 


If 
1| 

2 


\ 


1 

11 


X^ength. 


11 
U 


// 


14 
18 
21 
21 


10* 
211 

25 

24 


At  fracture. 


60.6 
00.5 


64.1 
67.0 
64.0 
76.6 


n 


20.4 
17.0 


19.6 
1L7 
17.0 
14.3 


Stress  in  pounds 


80,000 

33,802 

81,001 

80.469 

31,034 

32,334 

29,385 


Tensile  limit 


i 


I 


56,650 
57,600 
57,125 

71,040 

81,600 

150,336 

160,704 


56,092 
57,948 
57,470 

57,897 

54,940 

54,447 

51,153 


94,191 

95^742 

04,000 

90,460 

82,092 

85,071 

66,815 


I 
.3 

I 

e 


52.6 
58.3 
65.4 

66.0 

56.4 

59.3 

57.3 


This  set  of  bars  was  purdbased  in  order  to  obtain  the  record  of  streneth  of  all  sizes  of  the  iron  as 
bars  and  links :  al»o,  for  a  B'^rieii  of  comparative  tests  of  bars  with  and  without  the  skin. 
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Tension  testa  upon  round  bars  of  rolled  iron — Continued. 

/— ttiUf/gtfon— Compartoon  of  strength  of  roaxh  and  tamed  ban.   TMtfnMo*— Rough  and  tamed  oylfai* 

den.  2Mn^-iiMdUn«— K 

Ibon  C. 
(Bar  porohaaed  for  testing  poxpoaea.] 


I 

1 


378 
374 
376 
370 
Av. 

377 
378 
37» 

Av. 


880 
381 
382 
At. 


884 
386 
386 
Av. 


387 
388 
389 
300 
301 
Av. 

808 
304 
896 
306 
307 
308 
Av. 

309 
400 
401 
402 
403 
404 
Av. 

405 
406 
407 
408 
409  I 

A  v.; 


» 


•( 


(I 


1 
It 

II 

II 


t 


I 
II 
II 
<i 


i 

II 
II 
II 

II 


i 

II 
II 
II 
II 


t 


I 
II 
•I 
ti 


B 
B 
B 
B 


T 
T 
T 


B 
B 
B 


T 
T 
T 
T 


B 
B 
B 
B 
B 


T 
T 
T 
T 
T 
T 


B 
B 
B 
B 
B 
B 


T 
T 
T 
T 
T 


Dhnenaiona  of  teat-pjecea. 


ii 


1.146 
L146 
L140 
LUO 


.966 
.976 
.977 


L024 
1.024 
L024 


.956 
.950 
.956 
.960 


.626 
.528 
.526 
.612 
.625 


.400 
.400 
.400 
.400 
.400 
.400 


.840 
.860 
.856 

.864 


.780 
.707 
.768 


.753 
.779 
.760 


l«0ngfli. 


.692 
.690 
.695 
.602 


.800 
.888 
.898 
.872 
.875 


.528 
.605 
.520 
.520 
.620 
.512 


.400 
.881 
.400 
.400 
.889 


.295 
.285 
.280 
.280 
.295 


.400 
.888 
.406 
.421 
.444 
.887 


.305 
.820 
.290 
.800 
.312 


// 


&07 
4.65 
4.16 
4.18 


8.07 
4.15 
8.46 


8.80 
8.70 
8.40 


I 


8.07 
4.00 
4.07 
4.07 


8. 79 
2.87 
2.90 
2.90 
2.92 


2.00 
2.16 
2.16 
2.15 
2.15 
2.15 


2.10 
2.00 
8.65 
2.47 
2.45 
2.46 


L99 
2.26 

2.00 
1.95 
L85 


M 


At  fraotoxe. 


i 

1 


68.5 
66.0 
66.8 
66.5 
65.4 

67.8 
52.6 
6t0 
67.0 

64.0 
67.9 
56.0 
66.0 

62.5 
52.8 
62.0 
62.0 
62.5 

65i2 
6L5 
66.1 
52.8 
5L0 
68.8 

54.4 

50.8 
49.8 
49.8 
54.4 

5ao 

62.9 

6&6 
40.8 
6L0 
6Sl6 
72.0 
57.1 
60.8 

6&2 
60.9 
56.2 
66.8 
64.4 
•0.9 


I 


I 


8&9 
22.6 
83.1 
26.5 
20.7 

27.2 
27.1 
25.8 
26.5 

22.3 
248 
28.8 
2S.f 

80.8 
8L2 
30.6 
30.6 
30.8 

53.0 
53.0 
35.0 
57.0 
45.0 
48.0 

42.0 
55.0 
57.0 
45.0 
47.0 
50.0 
49.8 

18.7 
2L2 
l&O 
20.2 
1&8 
2L2 
18.0 

24.6 
26.8 
21.2 
21.8 
17.6 


Straaa  in  poonda  a*  tansfle 
limit 


68,887 
58,073 
62,899 
52,436 
62,040 

52,228 

52,805 

63,854 

52,706 

58,424 

54,644 

54,169 

54,076 

68,120 
53,582 
58,070 
62,640 
68,108 

59,066 
57, 216 
60,789 
60,082 
65,428 
68,406 

64,887 
62,649 
64,481 
60,461 
63,246 
61,287 
•2,818 

55,400 
56,540 
55,555 
65,791 
54,848 
56,216 
55,725 

49,020 
68,833 
52,705 
66,467 
50,132 
55,811 


153 


078 


414 


4,817 


The  reaulta  from  the  teats  of  the  half-inch  bars  are  not  very  reliable  in  the  data  of  first  stretoh  or  of 
elongation,  aa  the  test-pieces  were  ao  slight.  There  is  some  reason  to  believe  that  the  flrst  tomad  sad 
of  half-inch  test-pieces  may  have  been  p^pared  from  iron  E  by  mistake ;  otherwise,  the  soles  wan  ftr 
each  oompaclaon  from  the  aame  bar. 


TESTS  OF   UETALS. 

I^HioK  tmtt  upon  nmn4  hart  of  rolled  iron — Continned. 

m  AB  kdApt«d  fbrduUu  cmbLe%and  efleot  of  Turing : 
Tutpiteu—BmMToOai.    TiMng^itatldn»—JL 


tp<.n>»»-J 

Streu  in  ponnd*  at— 

T 

DU..«,. 

length. 

At&adun. 

ll««.L-l 

TeuUaltnilt. 

1 

1 

\ 

i 

■ 

1 

|! 

a 

1 

1 

1 

I 

5 

1 

5 

f 

^^ 

I 

|- 

P 

1 

4M 

~ 

~ 

LU 

21. 00 

38.00 

5B.0 

1.43 

2100 

30.(0 

67.4 

i-Vl 

Ml.  00 

48.7 

tis 

Lsa 

1.18 

10.00 

22.70 
2L«I 

sa.s 

41B 

AM 

It.  00 

10.80 

i\.a 

417 

0.73 

13.00 

SS 

ts 

LM 

KOO 

a 

9J.9 

tso 

0.00 

mm 

Ul 

LB3 

1.30 

10.4SI  MB 

*n 

LH 

LIS 

RM 

10.43      M.0 

*n 

!.« 

LOS 

0.M 

T^OO 

S.33 

a.1 

«» 

LI! 

(I.B9 

&M 

7.ra 

K.a 

«fl 

LOO 

ATI 

<.0« 

7.  ST 

«• 

" 

LOT 

Ltt 

10.00 

10. 7G 

^.n 

' 

■(  Ht  of  b>n  orUili  iron  w 


I  pnnihHed  In  1870,  irltti  the  view  of  ■ 


wrUtnlne  the  ohknour 


It  ontntemiptad  InoniaM  In  p 


.      d  onWrntliS^indiMtei  thut  t__  ,___ .  ._. 

■''■  If.  11".  •ndl|''i  ud  tlisl  Hi  11"  Ihe  arsB  of  pUe  wu  otumRed,  and  renuined  nniliinn  tlmnuh 
...  _    ._..  ,[^^      Ybo  flnt  3"  bar  wu  vor;  dlffveoC  In  atmotoni  from  the  Ten,  and  the 


reot^h< 


flaoh  ancweaalTe 
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TESTS   OF  METALS. 


TenHan  tmti  upon  nnmd  hara  of  rolled  iron — Coutinued. 
Inmtttgnfiom   BleTatton  of  the  limit  of  rtmo.    JMtj>i>OM    Tuined  oy linden.    TutSng  macMns—B . 

Iron  D  (fibst  lot). 


i 


429 
480 

481 
432 

483 

434 

435 
436 

437 
438 

439 
440 

441 
442 


// 
2 


Difnimeione  of  teet-piecea. 


Diameter. 


?.» 


1$ 

.797 
.790 

.797 
.797 

.797 
.797 

.504 
.604 

.504 
.506 


.504 
.504 

.504 
.604 


•  «  • 

.729 

■   •  •  a 

.097 

«  •  •  • 

.093 

•  «  •  • 

.520 
.610 

•  ■  •  • 

.490 

.48'l 


I 


II 

.079 
.075 

.023 
.640 

.003 
.020 

.405 
.494 

.452 
.480 

.415 
.430 

.304 

.400 


Length. 


// 

8.20 
8.20 

8.20 
8.18 

8.20 
a  18 

2.25 
2.27 

2.28 
2.25 

2.25 
2.25 

2.25 
2.25 


I 


// 


8.00 


3.98 


3.97 


2.07 


2.76 


2.78 

'sl'so 


I 


II 

3.80 
3.08 

4.10 
4.03 

4.15 
4.08 

2.75 
2.75 

2.88 
2.82 

2.98 
2.88 

3.00 
2.92 


Bedaced 


5 


88.7 


70.5 

Yio 


85.1 


8L5 


75.6 

■  •  •  •  • 

72.0 


I 


72.0 
82.8 

OLl 
64.5 

50.7 
00.5 

07.0 
70.8 

64.3 
68.2 

54.2 
59.8 

41.7 
50.3 


Percent, 
of  elon- 
gation— 


12.5 


25.1 


23.0 


10.7 


20.0 
231 5 
'24' 4 


I 


ia8 

13.4 

28.1 
26.7 

29.7 
28.3 

22.2 
2L1 

25.2 
25.8 

32.4 
28.0 

33.3 
30.2 


Streu  per  square 
inch  in  pounds. 


I 


32»071 
80,000 

29,800 
33»474 

80,000 
32,071 

38,862 
34,823 

33.322 
81,910 

36,821 
36.845 

32,022 
30,020 


^. 


»4 


48,585 
40,024 

47,850 
40,624 

48,800 
47,850 

52,030 
51,435 

49,200 
40.758 

51,635 
51,034 

49,734 
60,334 


s 
•si 


63.655 


64,019 


65,723 


00,041 

5ii^'sro 

S0;'340 
67,'5»Bi' 


i 
I 

I 


None 
Iday 

None 
Iday 

None 
Iday 

None 
Iday 

None 
Iday 

None 
Iday 

None 
Iday 


GMn  by 
rest. 


-O    I®? 


0,931 


7,395 


7,873 


14.8 


16.8 


16.4 


8»000 


0,881 


8,300 


¥• 


13.9 


10.5 

i4."i 


One  of  eaoh  pair  of  test-pieoes  turned  from  the  same  bar  to  Aearly  uniform  dimensions,  was  broken 
by  continued  application  of  stress.  The  companion  piece  was  released  from  stress  at  tenmle  limit  and 
rested  one  day,  uien  broken. 


Jfivstt^otton— Comparison  of  strength,  &o.,  of  rough  and  turned  bars.    rMtj>iM«t— Bart  as  rolled  and 

as  reduced  by  lathe.    T(WtiiH7-maeftine— A. 

IBONS  C  AND  D. 
[Bars  purchased  for  testing  purposes.] 


,• 

•0 

^ 

t 

« 

1 

'S 

i 

^ 

% 

f) 

0 

A 

I 

1 

1 

d) 

It 

448 

D 

1 

B 

444 

D 

«i 

B 

446 

D 

l« 

B 

At. 

440 

D 

1 

I  T 

447 

D 

•t 

T 

448 

D 

•« 

? 

449 

D 

tt 

At. 

460 

0 

2 

B 

461 

0 

t« 

T 

Dimensions  of  test-pieoes. 


Diameter. 


II 

L02 
L02 
LOl 
1.02 

.909 
.970 
.900 
.970 
.969 

2.01 
1.92 


I 


II 

.005 
.688 
.723 
.702 

.607 
.071 
.667 
.650 
.664 

1.50 
1.42 


liongth. 


II 

4.40 
4.43 
4.03 
4.29 

8.90 
8.76 
8.06 
8.03 
8.78 

0.00 
6.00 


II 

6.05 
5.50 
5.60 
6.4$ 

6.03 
4.76 
4.78 
4.78 
4.84 

8.19 
8.48 


At  fracture. 


46.1 
45.5 
50.8 
47.6 

47.4 
47.9 
46.8 
45.0 
46.6 

50.7 
51.4 


I 


3 

bfi 


1 


28.4 
24.1 
81.5 
28.0 

2a  9 
26.4 
3L2 
81.7 
29.6 

86.5 
41.3 


Stress  per  square 
inch  £a  pounds. 


I 


36^429 
35, 495 
87,330 
36,418 

32,544 
33,830 
33,838 
34, 013 
33,H71 

24,050 
23,674 


52,701 
52,715 
55,377 
68,698 

52,769 
51,625 
51,848 
53,453 
53,424 

49,768 
49, 735 


Exoess  of 
strength, 
pounds. 


r 


I    ao 


1,174 


•  2r 


1 
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i 


4fi2 
458 

454 
455 

456 
iSI 

458 

458 

480 
481 

462 
488 


0 

0 

O 
O 

0 
G 

D 
D 

D 
D 

B 
D 


TenaUm  ieeU  upon  r<nmd  han  of  rotted  iron— Contmned. 
Irons  G  akd  D— Continned. 


n 

Hi 
11 


B 
T 

B 

T 

B 
T 

B 
T 

B 
T 

B 

T 


Dtanenaioiu  of  tM^pieoes. 


Diameter. 


$1 

L90 
1.88 

L80 
L76 

L77 
L70 

1.72 
L64 

L64 
L57 

L54 
L50 


1.60 
L87 

1.49 
L45 

1.25 
L28 

L47 
L43 

1.20 
L19 

L07 
LOS 


Length. 


10.00 
8.00 

ILOO 
7.50 

10.00 
6.00 

11.00 
7.00 

10.00 
6.50 

8w00 
5l00 


It 

1L47 
10.28 

12.08 
9l48 

12.65 
6.66 

18.00 
8.18 

1L67 
7.18 

7.68 
6.56 


At  fraotiiTe. 


1 


76.0 
56.0 

6&6 
6&7 

60.0 
53.4 

78.1 
76.0 

6L8 
67.5 

48.8 
47.1 


^1 
fa 


18.7 
28.0 

l&O 
26.0 

25l4 
88.2. 

18.1 
16.1 

16.7 
80.0 

87.0 
8L8 


Btrees  per  aquare 
inch  in  ponnda. 


27,087 
27,010 

88,188 


27,700 
82,000 

28.748 
80,222 

27,268 
82,278 

82,472 
88,681 


48.096 
48,726 

49,612 
61,867 

51,488 
61,895 

61,288 
49,419 

61,127 
60,886 

52,156 
58,847 


Exoeaa  of 
atrength, 
ponnda. 


1,814 


743 


1,856 


1,181 


JfiMfC^olMfi— JEiEMfc  of  Taiylng  rednotion  by  the  lolla  vpon  the  aame  bar.    TuUpiiUB   Baia  aa  rolled 

aiM  tnxned  oylindeia.    T«f<ty«iiifl<ifciw<i   A  and  B^ 

Iron  C  and  D. 

IBara  pnzehaaed  for  teating  pvpoaea.] 


>: 

1 

() 

a 

I 

1 

464 

0 

466 

0 

466 

0 

467 

0 

468 

D 

469 

D 

470 

D 

471 

D 

472 

0 

478 

0 

474 

D 

475 

D 

Bound  bar. 
Bound  bar. 
Bound  bar. 
Bound  bar. 

Bonndbar. 
Bound  bar. 
Bonndbar. 
Bonndbar. 

Cylinder . . . 
Cylinder... 

Cylinder... 
Cylinder . . . 


BinMoaiona  of  teat-pieoea. 


Blameter. 


II 

L88 
L24 
1.18 
L02 

1.88 
L26 
1.12 
1.02 

.604 

.497 

.600 
.500 


II 

.98 
L22 
LU 

.86 

1.00 

LIO 

.94 

.78 

.458 
.889 

.480 


Length. 


It 

6.60 
6.75 
7.25 
6.00 

6.50 
6.60 
7.00 
6.75 

2.98 
2.49 

8.02 
2.65 


It 

8.14 
6b  88 
7.80 
7.60 

7.18 
6.04 
&19 
6.30 

8.94 

8.88 

8.94 
8.82 


Atfraotoie* 


1 


60.5 
96.8 
07.6 
7L1 

52.5 
77.5 
70.5 
5a5 

56.9 
46.5 

51.4 
62.7 


26.2 

1.4 

.7 

56.7 

9.7 

0.8 

17.0 

6.0 

82.1 
85.4 

86.8 
30.2 


Streaa  per  aqinan 
indi  in  ponnda. 


33,422 
84,188 
37,088 
86,960 

85,028 
83,740 
88,485 
87,694 

26,626 
80,709 

26,626 
30,431 


68,296 
48,040 
50.046 
66,541 

57,486 
53,052 
54,000 
60,947 

60,267 
64^608 

49,515 
61,949 


57.3 
70.4 
741 
66.4 

60.9 
62.5 
62.0 
61.8 

62.7 
56.4 

63.6 
5&6 


The  above  teeta  were  npon  two  bars,  one  each  of  irona  C  and  D,  from  which,  when  redaoed  by  rolla 
to  If",  teat-pieoea  were  ont»  and  the  bars  subsequently  reduced  to  \^"  aod  ^^  pieces  being  out  olT  at 
eaeh  rednotion,  the  oldect  being  to  traoe  the  effect  upon  the  same  bar  of  the  action  of  the  rolla.  The 
reanlta  ace  even  moreirregular  than  the  process  by  which  the  bars  were  produced. 
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TmaUm  tetU  upon  rowid  hara  of  rolled  iron — Contmned. 


rutart^patfon— Compairibon  of  strauth  of  noA.  and  turned  ban.    Tattpkee^. 

dacedoyUthe.  ICuting-fnaehinM—'AtaidS, 

Iron  E. 

[Ban  pntofaJMed  for  teatixig  pnxposea.] 


•Ban  as  ztkUed,  as  v»- 


I 


476 
477 

478 
479 

480 
481 

482 
483 

484 
485 

486 
487 

488 
489 

490 
491 
492 
493 
494 
495 
496 
497 
Av. 

498 


It 

}f 
?.* 
}f 
}f 

«* 
t» 

It 
ti 
i« 
tt 


2 


B 
T 

B 

T 

B 
T 

B 
T 

B 
T 

B 
T 

B 
T 

T 
T 
T 
T 
T 
T 
T 
T 


Dimenaioiis  of  (est-pieoes. 


DUoneter. 


Length. 


At  ftaotim. 


1 

, 

1 

1 

4 

1 

"C 

•49 

•^T 

•4* 

o 

< 

< 

II 

II 

II 

II 

L15 

.82 

5.00 

6.46 

L09 

.76 

6.00 

7.58 

La6 

.96 

4.00 

6.17 

L17 

.85 

6.00 

7.61 

L89 

1.00 

6.00 

7.76 

L85 

LOO 

6.00 

7.61 

L60 

L07 

4.00 

6.81 

L44 

LOl 

6.00 

&00 

L68 

L30 

'   6.00 

6.52 

1.64 

L25 

6.00 

7.44 

L75 

L84 

&00 

9l96 

L64 

1.24 

8.00 

10.80 

L89 

L39 

9.00 

1L44 

L81 

L88 

10.00 

12.85 

.976 

.729 

3.90 

5.12 

.976 

.775 

8.90 

4.95 

.976 

.725 

3.90 

6.20 

.976 

.781 

3.90 

5.00 

.976 

.780 

8.90 

4.97 

.976 

.759 

8.90 

5.07 

.976 

.775 

8.90 

5.01 

.976 

.779 

3.90 

6.07 

9.76 

.756 

8.90 

5.08 

2.03 

.177 

6.00 

7.52 

50.9 
47.4 

56.9 
52.8 

51.8 
54.2 

50.9 
49.2 

63.7 
65.9 

5&7 
57.2 

64.2 
68.1 

66.8 
63  1 
65.2 
66.1 
63.9 
61.0 
63.1 
63.7 
60.8 

76.1 


29.2 
2&8 

29.2 
27.0 

29.3 
27.0 

32.7 
35.0 

30.4 
24  0 

24.5 

28.7 

27.4 
28.6 

3L8 
26.9 
83.3 
28.2 
26.9 
30.0 
28.4 
80.0 
2V.4 

25.8 


Stnas  In  pounds 


I. 

1-9 

1? 


83,540 
28,086 

22,712 
23,806 

25.030 
80,181 

82,869 
29,601 

27,695 
27,110 

26,541 
27,722 

27,166 
,25.446 

27,667 
28,071 
27,147 
27,077 
25,305 
25,997 
26,732 
26.231 
26,789 

27,318 


1 


66^152 


67,200 
70,296 


97,920 
108,884 


124,128 


*  142. 992 
126,192 


58,097 
63,497 

63,808 
63,309 

52.254 
61,843 

55,415 
65^409 

61,940 
60,844 

61,606 
51,740 

60,880 
49^044 

49,088 
69,468 
49.064 
49,225 
48,190 
48,899 
40.709 
48,152 
49,088 

51,818 


Exooss  of 

strength, 
pounds. 


si 


684 


411 


1,096 


1,836 


1.842 


•d 

18 


400 


6 


185 


Jnoifl^ation— Character  of  Iron  as  adapted  for  ohaJn-cables,  and  eifect  of  yarying  reduction  from  pile 

to  bar.    TMt-jn«M»— Bars  as  rolled.    Tulxag-'mMhin^—A^ 

Iron  F  (first  lot). 


I 


I 


409 

500 

Av. 

501 
502 
Av. 


II 


Dimensions  of  test-pieces. 


Diameter. 


// 


L12 
L12 


L25 
L25 


II 

.80 
.78 


.89 
.90 


Length. 


II 


18.6 
13.5 


I 


II 

16.60 
16.23 


15.6 
15.5 


18.90 
19.00 


At  f^M^ture. 


ei 


1 

d 


5L1 
48.6 
49.8 

50.7 
5L9 
31.3 


•3 


^73 


s 


22.2 

2a2 

3L0 

22.0 
22.5 
22.2 


Stress  in  pounds  at— 


t 

P 

I 


82,640 
84,180 
88,410 

32,469 
81,687 
S2,07S 


Tensile  limit. 


52,800 

63,180 

62,990 

65,280 
64,700 


«  o 


63,800 
53,978 
68,889 

63,211 
52,730 
r»'»,970 


105»068 

108,486 

106,769 

104,934 
101,697 
103,315 


I 

I 

S 

-3 


o 
o 


s 


6L8 
64.2 
08.0 

6L0 
60.0 
00.6 


TESTS   OF   METALS. 


63 


Tension  tetU  upon  round  bare  of  rolled  iron — Continned. 
Iron  F  (fibst  lot)— Contmned. 


I 


Mi 

At. 


fiOO 


607 
M6 

▲t. 


» 


» 


}P 


ftlO 
▲t. 


su 

SIS 

▲t. 


814 


» 


if 


2 


Dimfmrinm  of  tecVpieees. 


1.88 
1.88 


L60 
LfiO 


1.76 
L75 


1.88 
L87 


1.99 
1.99 


LOl 
LOO 


1.09 
1.09 


Lie 

L18 


L84 
L26 


L42 
L85 


L49 
L48 


// 


18.5 
18.6 


17.6 
17.6 


IOlO 

lao 


18.0 
l&O 


2ao 
2a  0 


2ao 

80.0 


tl 


10.93 
18.98 


19lOO 
20.00 


22.80 
22.87 


22.06 
2L62 


24.40 
24.82 


2&60 
24.17 


AJkfmotonm 


i 

1 

3 


63.6 
52.6 
58.2 

62.9 
52.9 
62.9 

6L3 
63.1 
62.2 

68.7 
6L6 
66.1 

57.1 
82.2 
64.8 

68.1 
66.4 
66.7 


20.7 
147 
17.7 

8.8 
14.8 
11.4 

17.4 
20.4 
18.9 

22.6 
20.1 
21.8 

22.0 
2L0 
22.8 

17.6 
20.8 
19.1 


Streu  in  pounds 


82,846 
81.639 
81,982 

81, 5U 

82,597 

82,064 

83,766 
34,048 
83,907 

32,329 

32,130 

82,229 

82,508 

33,625 

88,087 

27,779 
27,490 
27,884 


TeniOe  limit. 


76,800 
77,670 
77,286 

91,200 
92,660 
91,876 

106,580 

108,480 

107,620 

120,960 

122,880 

121,920 

141,800 

140,650 

140,926 

153,600 

150,920 

162,280 


51.347 
61,245 
61,208 

51,812 
52,376 
61,994 

61,606 
62,829 
62,108 

50,291 

51,080 

60,890 

50,002 

61, 176 

61,089 

49,385 
48,522 
48,950 


06,858 
99,007 
97,481 

97,788 
89^186 
98,484 

100,832 

99,204 

100,018 

85,768 
100, 180 
92,949 

89,221 

98!l90 

98J08 

88,093 
87,744 
87,918 


68.0 
6L7 
02.8 

OLO 
62.2 
81.0 

6&8 
64.6 
04.9 

64.2 
62.8 
08.6 

63.8 
66.7 
84.7 

56.2 
5&6 
58.4 


o  of  strenffih,  fto.,  of  roneh  and  tamed  hun.    TMt-fi§oe§   Bart  as  rolled  and 
dightly  lednoed.    T^Htng-moeMneB^B. 

IBON  F  (FIB8T  LOT). 


I 


3 


616 
618 
617 
Av. 

618 
619 
620 
Ay. 

681 
622 


tt 

1 

«« 


1 
(t 


At. 

626 
636 
587 
OB 
At. 


it 

•4 


B 
B 
B 


T 
T 
T 


«« 


B 
B 
B 
B 


T 
T 
T 
T 


Dimansloiis  of  test  pjeoes. 


]>ianMter. 


L015 
LOU 
L017 


.897 
.896 


L018 
L017 
L018 
LOie 


.878 
.897 


It 

.880 
.747 
.761 


.786 
.666 
.807 


.748 
.748 
.768 
.742 


.881 
.681 
.653 


Length. 


// 


&80 
4.00 
4.00 


3.53 
&47 
3.57 


8.95 
8.72 
&90 
&90 


&60 
&64 
8.57 
&67 


It 


4.48 
4.86 
4.96 


4.28 
4.82 
4.46 


4.98 
4.78 
4.83 
4.88 


4.68 
4.60 
4.60 
4.60 


At  fraotnre. 


i 

I 


*76.0 
63.2 
57.0 
66.1 

*77.0 
55.1 
56.6 
66.1 

64.5 
64.5 
6&0 
V7.8 
66.4 

62.4 
64.4 
68.6 
66.4 
64.3 


17.8 
28.7 
24.0 
21.8 

2L8 
24.4 
24.7 
2SJ( 

2&9 
28.1 
24.3 
24.3 
26.8 

29l8 
37.5 
29.1 
28L1 
38.8 


Streas  in  pounds  at  tensile  limit. 


52,589 
52,370 
58,025 
62,645 

51,945 
62,075 
52,575 
52,498 

51,800 
62.175 
52,660 
51,087 
62,166 

61,657 
61,078 
51,888 
61,567 
61,647 


96,888 
94,490 
96,686 


96,175 

94,444 

95,809 

95,410 
96,260 
96,905 
90,045 
04,480 

98,666 
94^833 
07,100 
04,195 
00,071 


147 


808 
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. 

i 

1 

8 

1 

straw  In 

ponnuMtauDalbnll 

DIuMtar. 

Langth. 

AttMotore. 

1 

1 

a 
P 

1 

1 
1 

f 

i 

1 

^ 

1 

< 

1 

1 

ji 

1 
1 

i 

B 

B 

1 

B 
B 

1 

.4M 

Is 

IS 

t.aG 

M.« 

Bt-D 
S4.0 

w.o 

«.T 

H.0 

5i.O 
M.B 

6B.1 

SILS 
GS-i 
H.4 

G8.B 

Bi.a 

HJ 

£1.0 
S2.T 
MI.8 

IJ 

1S.S 

Ii 

ao.s 

£8.S 

MO 

».4 

29.5 

ll 

90.0 

»■• 

SIS 

00.  Wi 

SB.S70 

SG,OW 
W,t41 

tklS 
H,H4 

101.  MO 
101,  fM 

iSvio 

iSS! 

101, 3U 

101  m 

1 

T 

.BM 

1 

.tn 

:!? 

.tsa 

1 

1 

167 

IS 

2.U 

* 

B 

1 
1 

is 

.■ii 

3.U 

IS 

l| 

! 

T 
T 
T 

? 

.S£S 

.331 

.an 

8.10 
3.06 

l£ 

2.01 

Is 

«M 

.. prmlty  uid  elevatloD  < 

Torned  cyUodeT*.    IMlng-maMnt    B. 

Iron  P  (Fmar  kit). 


■od  elevatloD  otllmlt  alttnm.     ftttjtow» 


55J     U|.M4... 
6Sa     ■'  !.564l.. 

:,:« 

SST     UI.SW-. 

5.-K.    '■  I.  see  , . 

■r 

Stma  Id  ponnda  par  aqui* 


0.7,30.735     53,530  1... 
1.  li  37,62.')     53,038  \.,. 
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Tension  teats  upon  round  hare  of  rolled  iron — Continned. 
Iron  F  (first  lot)— Continued. 


d 

^ 


i 

I 
I 

n 

660  ;  U 

661  '  1 


a 

I 


At. 

563 
564 

At. 

666 
566 

At. 


667 
568 

At. 


670 
At. 

571 
572 
At. 


i 


Dimenflioiis  of  tost-pieoeB. 


Biametor. 


// 


4i 

s 
§ 


564.479 


566' 

1.667 


■  666 


.664.476.4132.23 


S 


// 


Length. 


I 


n 


.4152.27 


« 

1 


It 


4062.27 


1.486.4182.26 


2.84  2.06 
...'2.06 


Bed'c'd 


44 

I 

« 

"3 


7&6 


Perot, 
elong. 


5L72fi.l 
6L7|.... 


666 


403 


.404 
.415 


2.20 
2.27 


4102.18 


804 
790 


.799 


798 
890 


2.712.8676.653.919.9 


Stress  in  poonds  per  aqnare 
inch. 


...2.89 
2.812.997&1 


2.93, 
2.782.927L2 


3. 19.. ..4. 19 
8.198.914.12 


ff76ai8 

i;ai8 


686il 


4.10 
4.16 


664*8. 14 
V788.06 


409 
4.07 


6L2-...31.4 
53.923.83L7 


80.0  84,076 

80.4  84,501 
26. «  35,646 


62.5 
53.624.6 


62.6 
76.955.6 


62.0 
58.8 


50l0 
62.2 


22.2 


34.4 
3a9 


81.8 
28.8 


80.9 
82.9 


8a2 
83.0 


83,205 
35,890 


84,789 
84.023 


85,454 
84,683 


85,899 
85,543 


81,991 
27,852 


TensUe  limit. 


I 
I 


60,840 

60,276 
49,705 


OQ 


56^087 


56,448 


51,454    

51, 154     55, 941 


Iday 


Iday 


61,871 
51,236 


I 


60,917 
60,842 


61,070 
61,784 


49,686 
49,786 


65,950 


68,044 


Idfty 


Idfty 
idfty 


Gain 
in  strength 

per 
square  inoh. 


I 


4.607 


» 

A4 


9l2 


s 

I 


o 


6,748   1L5 


4.787 


4.715 


9l3 


9.2 


6.3 


67.1 

68.6 

71.7 

70.0 

64.6 
70.2 
67.8 

66.9 
66w6 

69.6 
6&8 
69.8 

70.1 
6&7 
69.4 

64.6 
55.9 
60.9 


Tension  teste  upon  crude  iron. 
iiiMfMi^afion— Charscter  ofmaterisl.    Tett-.piaoM'PKrallelogram  and  oylinders.    Ttttlng'moeMne-'B, 

Iron  F. 


Nos.  1, 2,  and  3  wore  "  omde,"  of  whloh  No.  1  was  a  parallelogram.    Nos.  4  and  5  "  reheated.**   No.  6 
was  eat  across  grain. 

The  results  from  the  first  lot  of  iron  F  indicated  that  it  was  remarkably  uniform  in  its  stmotnre,  and 
80  thoroughW  ductile  that  there  was  no  reason  to  apprehend  that  the  results  of  any  series  of  tests  upon 
it  would  he  impaired  in  tsIuo,  bv  unaccountable  anomalous  breaks ;  for  these  reasons  it  was  selected 
as  suitable  material,  to  be  used  in  reinTestigatiug  the  Tarious  physical  phenonemA  which  had  become 
manifest  durinff  the  testing  of  the  preceding  irons,  and  the  Taluo  of  our  results  in  the  Tarious  iuTesti- 
gations  upon  other  irons  can  be  measured  by  those  on  this ;  also  the  results  from  the  two  testing-m*- 
ehines  can  be  compared.  In  order  to  obtain  a  complete  record  of  the  iron,  crude  and  reheated  bars 
from  which  the  second  lot  was  rolled,  and  rolled  ban  firom  |  inch  up  to  4  inches  in  diameter,  were  pro 
cured  and  teeted. 

5  T  M 
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TmtUm  imti  upon  round  bars  of  rolled  irofi— Continued. 

invMf^atum— EsUbliAhment  of  atandard  of  anifonnity,  and  effect  of  Tarying  reductiona  from  pile  to 

bar.    Test-pieee9 — Ban  as  rolled.    TetUng-nuichine — A. 

Iron  F  (second  ijot). 


I 


1 


678 
074 
ff75 
076 
fi77 
▲t. 

678 
670 
580 
681 
582 
Av. 

688 

584 
686 

686 
687 
Av. 

688 
689 

600 
601 
602 
Av. 

60S 
604 
605 
606 
Av. 

507 
606 
500 
600 
601 
Av. 

602 
603 
604 
605 
606 
Av. 

607 
108 
600 
610 
611 
Av. 

612 
613 
614 
615 
616 
Av. 


Dhnqn  along  of  test-pieoea. 


Diameter. 


// 


00 
00 
00 
00 
00 


LIO 
1.10 
LIO 
LIO 
LIO 


// 

.72 
.71 
.72 
.71 
.70 


.80 
.70 
.84 
.80 
.80 


L28 
L28 
L28 
1.28 
L24 


L88 
L88 
L88 
L88 
L88 


L50 
L50 
L50 
L60 


L626 
L625 
L625 
L625 
L626 


L78 
L73 
L74 
L74 
L74 


.03 
.01 
.08 
.88 
.80 


L02 
L06 
L05 
L02 
L06 


LIO 
LIO 
L14 
Lll 


L22 
L20 
L20 
L17 
L22 


L20 
L28 
L30 
L26 
L81 


L86 
L86 
L86 
L87 
L86 


L35 
L84 
L37 
L55 
L38 


2.00 

2.00 
2.00 
2.00 
2.00 


L47 
L45 
L44 
L47 
L47 


52.0 
6La 
62.0 
5L5 
50.0 
51.7 

68.0 
6L6 
5&8 
63.0 
58.0 
68.8 

57.2 
64.8 
63.5 
5L2 
6L6 
56.7 

64.7 
59.0 
57.0 
54.7 
50.0 
57.1 

58.8 
68.8 
57.8 
55.4 
65.2 

56.0 
54.2 
54.2 
5L6 
56.7 
64.6 

55.6 
54.0 
55.8 
62.5 
56.7 
65.1 

52.7 
51.0 
53.9 
68,7 
55.1 
66.4 

54.1 
52.6 
5L8 
5L1 
64.1 
68.8 


Length. 


0.00 
6.00 
5.00 
&00 
6.00 


I 


7.00 
7.00 
&75 
6.75 
7.60 


7.00 
7.00 
7.00 
6.50 
6.00 


8.00 

aoo 

&25 
7.00 
7.00 


0.00 
0.00 
7.60 
0.00 


6.00 
6.00 
0.75 
0.00 

laoo 


&00 
&00 
7.00 
7.20 

moo 


n.00 
n.oo 

10.00 
0.00 
0.00 


12.00 
12.00 
12.00 

laoo 
laoo 


i 

B 

I 


6.14 
6.32 
6.24 
6.08 
7.22 


a77 
8.78 
8.40 
&48 
9.05 


7.86 

7.64 

12.08 

n.20 

12.58 


0.02 
10.02 

aso 

0.10 
13.05 


13.80 
13.60 
12.63 
10.00 
11.12 


14.76 
14.83 
14.82 
12.45 
12.25 


a87 

&00 
7.08 
7.24 
7.02 


0.60 
0l33 
10.25 
&53 
&46 


iao6 

n.42 

0.35 

12.21 


Streaa  in  poanda  at- 


g 

I 
g 

■3 

O 


u 
«> 

dH 


Elaatic  limit. 


22.8 
26.4 
24.8 
2L6 
20.3 
28.2 


25.3 
25.4 
24.4 
24.0 
2a  6 
I  34  J 

10.5 
15.5 
14.0 
8L6 
17.0 
19.6 

2L0 
16.8 
24.2 
2L8 
20.0 
20.9 

22.0 
27.0 
24.6 
35.6 
24.8 

22.6 
27.3 
23.0 
24.4 
25.0 
24.8 

24.0 
25.2 
25.7 
26.4 
30.5 
20.4 

20.0 
23.6 
26.3 
2L4 
2a  5 
28.1 

2a  0 
2a  5 
2a5 

24.5 

2a  5 

28.4 


Tenaile  limit. 


8 

C 


24,600 
24,800 
25,000 
25,000 
24,000 
24^0 

80,000 
29,800 
31,200 
30,800 
80,300 
82,420 

88,000 
40,000 
4L000 
80.000 
40,000 
80,000 

63,000 
65,000 
60,600 
48,0C0 
51,800 
51,500 

68,600 
63,500 
58,500 
58,000 
61,126 

78,000 
72,000 
68,100 
68,400 
68,500 
70,000 

70,600  I 
60,600 
71,000 
60,100 
72,000 
70,420 

63,600 
63,000 
01,600 
03.000 
85.700 
79,880 

84,000 
86,000 
85,800 
06,900 
08,700 
90,470 


4 

9 

I 

« 


31,826 
8^216 
82,475 
82,475 
32,340 
32,267 

81, 579 
81,868 
82,831 
32,421 
31,804 
82,019 

81,086 
88,670 
84,511 
82,823 
88,123 
88,223 

85,427 
86,764 
83,763 
82,002 
84,208 
84,409 

85,903 
85,036 
83,105 
38,331 
84.691 

84,978 
84.499 
32,635 
82,770 
33,236 
88,025 

20,087 
20,561 
29,859 
24,852 
30, 278 
38,907 

23,408  ' 
23,187  ' 
33,711  , 
3^861  I 
31,  593 
29,132 

27,021  I 
27, 371 
27,307  : 
30,844  i 
31,417 
28,792 


o 


40,000 
39,500 
41,000 
41.800 
41. 000 
40,000 

50,000 
49,000 
50,100 
49,200 
50,000 
49,000 

61,000 
62,600 
66,600 
61,000 
68,600 
03,620 

78,600 
81,600 
76,800 
79,700 
76,800 
78,680 

90,000 
91,000 
89,800 
92,900 
00,025 

107,000 
106,000 
105, 800 
105,400 
103,500 
105,440 

116,600 
116,600 
118,500 
117, 200 
120,000 
117,740 

133,000 
131.  500 
133, 100 
136,  000 
134,  500 
138,030 

149,500 
151,  000 
15U,  500 
140,  000 
140, 800 
149,000 


a 


'J 


si 


51,963 
51,312 
53,260 
54,299 
53,260 
52,810 

52,631 
51, 570 
52,r20 
51.773 
52,631 
53,307 

61,346 
62,600 
55.184 
81,846 
63,666 
63,030 

62,550 
68,480 
61,847 
68,286 
61, 018 
63,687 

60,003 
61,400 
50,820 
52,572 
61,450 

61,600 
51,100 
50,782 
50,830 
50.538 
50,970 

40,663 
40,553 
40,831 
40.287 
50,464 
49,788 

48,943 
48, 398 
48,048 
49. 517 
40,499 
49,001 

47,581 
48,058 
47.090 
47,426 
47,682 
47,509 


98,280 
90,747 
100,787 
105,682 
106.548 
103,189 

99,408 
10^222 
90,400 
97,877 
99.403 
08,001 

91,802 
96,160 
86,670 
100,796 
102.234 
95,481 

92,206 
92,408 
88,694 
97,640 
86,458 
91,400 

94,786 
95.789 
87,978 
96,000 
08,020 

91,631 
88,722 
93,112 
98,037 
88,644 
03,980 

88,081 
00,887 
80,007 
03,033 
80,038 
90,377 

92,942 
93,262 
90,224 
72,076 
80,924 
87,080 

88,097 
99,515 
92.444 
87, 791 
88,278 
91,224 


I 

I 


o 

I 

o 
P< 


61.2 
62.7 
60.9 
59.8 
60.7 
01.0 

60.0 
00.8 
62.2 
62.6 
60.6 
01.3 

62.0 
64.0 
6a5 
63.9 
62.9 
01.0 

67.4 
67.4 
66l7 
60.2 
67.2 
06.0 

7a  6 
6a6 

65.1 
63.3 
07.1 

6a2 

67.9 
64.6 
64.9 
6a2 
00.8 

60.5 
60.6 
60.9 
67.4 
60.0 
01.6 

47.8 
47.9 
6a8 
6a  3 
63.7 
69.3 

5a8 

57.0 
57.0 

6ao 
6a9 

00^ 


Area  of  pilea  from  which  thla  aet  of  bara  waa  rolled:  1",  6"  X  4",  H"  to  U",  inclusive,  0"  X  6",  IJ" 
to  2",  inclusive,  6"  X  10" 


TESTS  OF  HETAL8. 
DHitioK  tmti  upon  f  iwnd  ban  oj  riff^  inm — Continiied, 

d  bar*.     IWt^lMN— Eui  ai 


Ihon  F  (BKCoiro  LOT,  i 

[Bsault*  fnna  nmgh  ban  >r 


i*,  thibd  uvt). 


Dimouloiu  of  letl-pleoaBi 


.78 

S.00 

410 

.es 

^00 

4«0 

.81 

7.00 

8.80 

.Ta 

476 

KSfi 

.01 

440 

7.74 

.88 

E.SO 

473 

LH 

7.» 

410 

.W 

T.M 

4*8 

LU 

8.00 

11.00 

1.00 

7.  BO 

0.40 

LM 

&ia 

10.17 

Lll 

B.M 

ILlfi 

LIS 

8.M 

10.18 

1.17 

7.10 

411 

LW 

1ft  00 

1181 

L2S 

&(0 

1408 

LU 

LLIO 

18.00 

l.tg 

a.n 

1470 

Lca 

ST.  CO 

4400 

L*T 

ILBO 

1400 

182 

BT.» 

48.70 

l.IB 

U.00 

1480 

IS 


il 


182,180  I 

102.4SS  I 

08,081  I 

06,477  I 

06,481  I 

B42W  I 

01,480  I 

>i886  I 


08,880 

04734 
00,377 

06,oao 


01,042 
0^806 


*  ThInI  lot  of  tum  F.    The  tt 


Ld  an  lapTDdoood  h«»  tax  nady  oomparUon. 
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1 
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tHOO 
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{liisisS^si  :^sjs  ^iis  ^:^s  siiSsis; 


j 


s 
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i 


id 


sis  i^s^i  £d5  ^s^s 


ti^n  •Ipnwi  »v 


*«)iii40«9iy 


r^f^AiO       lOOaO       fr>Mia       r4t«0l       tOIOIOk* 

S^d^**    SSls^^    ^:^^    ^i<S*a    «5|::t::t^ 


S9 


S3 


•tpnil  •!!«»»  »Y 

SSSSS^SSS   8SS   S;»   C^92   SSSSE 

%«{c4c4e4e43     c4e<e«     cic^M     eic^M     ^ei«i«i 

Tni{9R0 

sssasss  SSS  {Sl:^  S;3S  Ss^ss 

%  c4e4ole4olo{     e4elS     c4elc4     c4ole«     cjc4e4«i 

«»xiqos9«y 

fpiin©n»«»!HT 

,  %%%m9  %H  s^s  mi  i§§§ 

T»«I*W) 


ji§§§§  §§|  §s§  §ss  i§§3 
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'joqams  ^mx 
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isii  iitii  S.ii-H  c'i^ss'  ''  I  : 

%%tt  I83S5  Mils  SsSsI     - 
tm  ma  mii  imi 


He!  %'ill%  IISSS  iSISs 


iS li  S!!Si  SSSli  SSISi 


'All  IITA  li  '&  Itlll 
'A^  ^Sill  SSdSs  ^S3S3 

^^ii  ^ii^s  ^^^is  ^i:>^^s* 


W  ]S     -j^^oa     .iajajiie     ric^^^S 

3SS3    S3SSS    ^3  :SS    &S3SS 

S22i  !g!:3  zV^A  5K!5 
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1 
I 

o 


I 


2 

I- 

■3 

I 


I 


§ 

e 


2 


I 


1 


s 

§ 

1 

i 
I  1 


1 


^ 


.a 


S 


CO     ji; 


o 


I 


8 

i 


I 


•I 


7 

I. 
•9 

M 

! 

CO 


I 
I 


8 


1 


^ 


& 


•a 


8 


a^ 


1 


O 

44 


J 


I 


'9U90  J9J 


19a    epanoj 


@ 


1902  JO  pO{J9^ 


eSiHr-aO 
00  00  (0  Ok 


aaTod*^ 


eot« 


SioSS 


00  00  00  00 


oioieo 


s 

-♦a 

«  S  a>  g 

CO  so  06  W 


ctcoo 


§§§ 

of    od- 


a  S  « 


OOtHO 


S5    SSSS^^ 


p"  N  «j  •^^ 


^       CftoOCBOO^^  

OObOOAA       OtCO  00  ^  ^ 


'wn  oRWBia: 


S$oo 


iCO< 


M  M  09  CO 


CO  CO  CO  CO 


If 


'9J1l40«9^y 


•^t«     <0OfHe<it«o     f-i«ocoio^^     ^iHiHevQO 

SS  s^^^s^^S  s^^s^SS  ^sJs^ss' 
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t^t«      t«fc<-t>t«k«**      C«b-c«b-t<*t*      b-c«fc<-k*t« 


*0Jll:p«9(^y 


okooa 

00  00  CO  09 
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0i 
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I 


'%W\[  oiTWi©*  ^y 
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ejejcioj 


e<Se4ele<l 


§ 
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00  CO  CO 
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SiSSSo 
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•^OO^tH 
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eoeoeioo 
e4e4eie4 
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s  isi 


s^ 


00  00  00 


00  00  00 


sss 

e4oJe4 


m 


MS 


«-icoo 
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►s 

•< 
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TESTS  OF'  BiETALS. 


Tension  UsU  upon  round  hare  0/ rolled  iron — Continued. 

Jmetttig&tion    Bitabliahineiit  of  standard  of  anifonnity  by  which  to  meaanre  reaulta  of  teata  in  Tarioua 

investigations.    Tett-pieee$--B»n  as  rolled.    Tetting-machint — A. 

Ikon  F  (thiiu)  lot). 


I 

a 


vnr 

680 
Av. 


881 
682 
Av. 

683 

684 
At. 

686 

686 
At. 


687 
688 

At. 


690 
At. 

601 
602 
At. 

003 
604 
At. 

605 
606 
At. 

607 
608 

At. 

609 

700 

At. 

701 
702 

At. 

708 
704 
Av, 


// 


1* 


U 


If 


1* 


If 


u 


If 


2i 


Dimensions  of  test-pieoes. 


Diameter. 


// 


1.01 
1.01 


1.13 
L13 


1.25 
L25 


1.38 
1.38 


1.50 
1.50 


L62 
L61 


L74 
L74 


1.87 
L87 


2.01 
2.01 


2iT 


2iB 


2iT 


2.24 
2.24 


2.00 
2.10 


2.50 
2.50 


2.34 
2.38 


s 

I 


// 

.70 
.74 


78 
78 


.87 
.94 


07 

87 


LOS 
1.05 


L14 
L20 


1.22 
L26 


L85 
1.32 


L45 
1.44 


1.63 
1.64 


1.45 
1.50 


L82 
L81 


L65 
1.71 


s 

I 


1 


48.2 
53.7 
60.9 

47.6 
47.6 
47.6 

48.4 
56.5 
52.4 

49.4 
50.4 
40.9 

51.8 
40.0 
50.4 

49.6 
55.5 
52.6 

40.1 
52.5 
50  8 

52.2 
40.8 
61.0 

52.0 
5L3 
51.6 

53.0 
53.7 
63.8 

48.1 
51.0 
40.5 

53.0 
52.4 
52,7 

49.7 
51.6 
50.6 


Length. 


// 


5.00 
6.00 


8.00 
&00 


0.00 
0.00 


10.00 
10.00 


13.00 
13.00 


13.00 
13.00 


13.00 
13.00 


13.00 
13.00 


13.00 
13.00 


37.50 
37.50 


11.00 
12.00 


37.50 
37.50 


14.00 
14.00 


// 


6.46 
6.35 


0.06 
9.00 


10.76 
10.05 


12.08 
11.05 


16.10 
16.25 


16.00 
16.81 


16.50 
16.31 


15.50 
16.31 


16.00 
10.25 


45.00 
45.15 


13.04 
15  24 


42.20 
45.25 


16.60 
16.25 


g 

9 


t4 

9 


20.2 
27.0 
28.1 

24.5 
23,7 
24.1 

19.6 
21.7 
20.6 

20.8 
19.5 
20.1 

23.9 
25.0 
24.4 

23.0 
25.5 
24.2 

27.0 
2&§ 
26.2 

19.1 
25.5 
22.3 


24.0 

20.0 
20.4 
20.2 

26.7 
27.0 
26.8 

20.5 
20.6 
30.5 

17.9 
16.0 
17.0 


Stress  in  poands  at — 


Elastic  limit. 


► 
.0 

o 


30,600 

32,000 

81,800 

85,600 

35,600 

86,000 

48.600 

48,000 

48,600 

58»400 

58.600 

58,600 

61,000 

63,000 

62,000 

72,000 

72,000 

72,000 

83,600 

85,400 

85,500 

100,000 

95,600 

07,800 

112,000 
115,600 
118,800 

122, 400 

123, 800 

123,100 

109, 800 

110.  600 

110/200 

149,  500 
146. 800 
148,150 

123.  200 

130,  000 

126,600 


OS 

a 


38,102 

39,940 

80,066 

35,493 
35, 493 
35,408 

39,608 
39,608 


Tensile  limit. 


i 
t 

I 


41,200 

42.000 

41,600 

50,000 

50,600 

50,300 

64,400 
65.000 


80,608     64,V00 


39,  037 

89, 170 

80,108 

34,522 
35,653 
85,087 

34,934 

35,854 

85,804 

35,996 
35.912 
85,054 

36,416 
34,818 
85,615 

35,297 
36,  432 
85,864 

31, 059 
31.415 
81,287 

32,002 
31,  931 
31,966 

30, 456 

29,0C0 

20.758 

28,644 

29,220 

28,932 


78,400 

78,200 

78,300 

89,000 
90.600 


51,422 
52.420 
51,021 

49,850 
50.448 
50,149 

52.485 
52, 074 
52,720 

52,406 

52,272 

52,880 

50,367 
51,273 


80,800  50,820 


102,400 
104,600 


49,684 
51,375 


108,500   50,529 


120,  000 

120, 400 

120,200 

135, 600 

137,600 

136,600 

151, 600 
152,  200 
151,000 

189, 600 
192  700 
101,150 

168,000 

171,000 

169,500 

233, 200 

231,  600 

282,400 

208,  200 

216,  000 

212,100 


50,464 

50,630 

50,547 

49, 380 
50,109 
40,744 

47,777 
47,967 
47,872 

48. 112 
48, 898 
48,505 

48,965 
49,364 
49,164 

47.607 
47, 181 
47,844 

48,407 
48,550 
48,478 


107, 060 
97,441 


104,646 
106,571 


108,326 
93,660 


106,089 
103, 672 


97.150 
104.631 


100,293 
ii2,4S4 


102,651 
96,551 


L- 


94,758 
100,584 


91,823 
93,431 


90,861 
91,223 


101,  756 
96,774 


89.639 
90,011 


i 


97.880 
94,035 


74.3 
76.2 
76.2 

71.2 
70.3 
T0.7 

75.5 
74.8 
75.1 

74.6 
74.9 
74.7 

68.5 
69.5 
69.0 

70.3 
68.8 
09.3 

7L5 
70.0 
71.2 

73.7 
69.7 
71.7 

73.8 
75.6 
74.8 

64.5 
64,2 
64.8 

65.4 
64.7 
65.0 

64.1 
63.3 
63.7 

50.1 
60.2 
596 


The  strength  of  bars  of  2}^'  up  to  A"  coold  not  be  obtained  by  the  testing-machine  A.  The  rcsiilta 
obtained  by  tests  of  cylinders  or  I"  diameter,  tested  by  machine  B,  reduced  to  area  of  bars,  giTes  entire 
steength  as  follows: 


11 


Lbs. 


2i 275,880 

3  837,603 

84.. 390,019 


// 


Lbs. 


?est8  Nos.  699,  700,  703,  and  704  were  made  upon  bars  reduced  in  tbo  lathe. 


8| 452,191 

3| 515,423 

4  582,100 


,.0P  METALS. 
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TESTS   OF   METALS. 
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Tension  tests  upon  round  hars  of  rolled  iron, 

JnvMf^ati<m~The  elimination  of  the  variations  in  tensile  strength,  nanaUy  aocompanying  Tarlations 

in  diameter.    Te*trpieee»—Bsx^  as  rolled.    Tening-machin^—A^ 

IROX  Fx  (FIRST  LOT). 


Diameter. 


a 
t 


753 
754 
765 
766 
767 
Av. 

758 
759 
760 
761 
762 
Av. 

763 
764 
765 
766 
767 
Av. 

768 
769 
770 
771 
772 
Av. 

778 
774 
775 
776 
777 
Av. 

778 
779 
780 
781 
782 
Av. 

783 
784 
785 
786 
787 
Av. 

788 
789 
790 
791 
702 
Av. 

793 
794 
795 
796 
797 
Av. 


M 

LOl 
1.01 
LOl 
1.02 
1.02 


L14 
L14 
LU 
1.14 
L14 


L26 
1.28 
1.26 
L25 
L25 


L39 
1.89 
L89 
L89 
1.89 


L60 
1.50 
1.50 
1.60 
L60 


L62 
1.63 
L62 
Le3 
1.63 


L75 
1.76 
L75 
L75 
L76 


L88 
1.88 
L88 
1.88 
1.88 


2.00 
2.00 
2.00 
2.00 
2L00 


n 

.75 
.74 
.76 
.76 
.75 


.80 
.88 
.85 
.85 
.85 


Length. 


It 

6.10 
6.10 
6.00 
5.25 
&25 


aoo 

&00 

aoo 

6.75 
6.75 


.95 
.98 
.92 
.92 
.93 


6.60 
6.50 
6.60 
6.50 
6.50 


L04 
LOl 
1.03 
LOl 
LOO 


L12 
LIO 
LIO 
LIO 
LIO 


L20 
L14 
L17 
L16 
L20 


L86 
L82 
L83 
L85 
L82 


L45 
L88 
L52 
L41 
L44 


L40 
L46 
L46 
L62 
L48 


7.25 
7.25 
7.25 

aoo 
aoo 


9.00 
10.00 
10.00 

aoo 
aoo 


7.00 
7.00 
7.00 

a5o 
aso 


7.60 

aoo 
a6o 
aso 
a5o 


9.00 
9.00 
9.00 

aoo 
aoo 


aoo 

9.00 

aoo 
aoo 
aoo 


u 

7.45 

7.70 
7.10 
a60 

a38 


a  80 
a  73 
a  74 

7.90 

a  18 


7.87 
7.85 
7.90 

a  05 
a  20 


a  60 
aoo 
a  47 
a  80 
a88 


ILOO 
12.50 
12.85 

aoo 
aoo 


a44 
a65 
a  42 
a29 
a  05 


ai2 

a  75 

ia75 

7.68 
7.75 


10.86 

ia05 

a  76 

laoo 
a  95 


1L12 

n.4o 

ILIO 

aoo 
aoo 


At  fractnre. 


55.1 
5a7 
5a6 
55.5 
54.0 
65.0 

4a  8 

53.0 
65.5 
55.5 
65.5 

6S.8 

57.8 
6&4 
64.2 
54.1 
5&8 
54.4 

5ao 
5a  8 
5a9 
5a  8 
5a  6 
sao 

6a7 

63.8 
5a8 
63.8 
5a8 
04.3 

4a  1 
4a  6 
5a  2 

6L8 
45.1 
48.0 

60.5 
6a9 
57.8 
69.6 
5a  9 
0S.1 

sas 
5a  9 
6a  4 
6a  2 
5a7 
oa? 

65.5 
53.3 
5a  3 
57.7 
54.7 
54.9 


% 


Elastic  limit. 


2ai 

26.2 

ia3 
2a  8 

2L5 
22.0 

2a6 

2L6 
2L7 
17.0 
2L2 
30.8 

2L1 
2a7 
2L5 
23.8 
2ai 
33.6 

8L0 
3a  4 
8a6 

9a5 
2a5 
3ao 

2a2 
2ao 
sao 
2a  7 

24.4 

M.8 

2a  6 
2a6 

20.8 
14.4 
ILO 

lao 

2L6 
2L9 
2a5 

lai 
ia2 

31.4 

lai 

1L7 

oa4 

25.0 
24.4 
10.0 

28.5 
24.4 
2a3 
20.0 
2a7 
30.0 


27,600 
28,000 
27,600 
27,600 
27,800 
37,680 

85,600 
85,000 
86,000 
85,600 
85,300 
80,500 


84,323 
84,947 
84,448 
83,656 
84,022 
84,370 

84,867 
84,280 
85,250 
34.867 
84, 140 
84,083 


Tensile  limit. 


43,500 

34.883 

44,000 

85,284 

43,200 

34.643 

42,200 

84,892 

42,600 

84.718 

48,100 

84,784 

60,200 

33.091 

50,800 

33,487 

51,400 

88,882 

49,800 

82.827 

60,300 

83,091 

60,480 

88,376 

60,200 

84.069 

00,600 

34.295 

61,000 

34,522 

61.400 

84,748 

60,000 

38,899 

60,630 

84^07 

70,300 

84,109 

70,000 

83,964 

71,000 

34,449 

71,20a 

34,546 

70,800 

84,109 

70,660 

84,826 

8a  000 

86,590 

87,600 

36,424 

87,400 

36,840 

88,000 

36.590 

88,800 

86.923 

87,000 

86,578 

99.000 

85.663 

98.800 

35,414 

98,300 

35, 414 

99.800 

35,983 

99,200 

85,734 

08,030 

85,641 

109,000 

84,601 

108. 700 

84,695 

108,000 

34,659 

109.000 

84,691 

109, 800 

84,876 

108,080 

84,703 

44,800 
45,000 
44,200 
45,700 
46,000 
46,040 

57,000 
68,100 
67,300 
57,100 
5a  600 
67,630 

6a  000 
69,600 
68,600 
67,400 
67,800 
08,460 

79,800 
81,000 
80,700 
80,800 
79,600 
80,860 

05,000 
94,600 
95.000 
93,900 
94,100 
04,630 

110.300 
110, 000 
110, 000 
111,  000 
109, 400 
110,140 

180,000 
131,000 
128.  000 
130,000 
128, 600 
129,500 

149,000 
14a  300 
145,400 
146, 000 
147.  200 
146,780 

168,000 
163,600 
168,000 
163,500 
164,000 
168,430 


55^202 
56,165 
65,167 
55,029 
66.296 
65,768 

65,827 
66,905 
66,121 
55,925 
57,894 
66,484 

66,258 
65,814 
65.012 
54,930 
55,256 
65,368 

52.603 
53,894 
53,104 
53,848 
52,406 
63,068 

5^768 
63,637 
53,763 
53,140 
53,254 
68,401 

63,517 
53,372 
63,372 
64,842 
63,081 
68,687 

54,054 
54,470 
53,222 
54,054 
63,430 
68,846 

53,674 
52, 705 
52,877 
62,696 
63,025 
63,876 

51,877 
52,069 
61,877 
62,037 
52^196 
53,011 


I 

I 


100,271 
104,651 
97,440 
100, 749 
104,187 


11^887 
107,373 
100.969 
100, 616 
103,259 


97.206 
102,459 
103, 188 
101,888 

99,808 


93,837 
101,096 

98,763 
100,778 
101,322 


96,425 
99,647 
99,968 
9a  810 
99,021 


97,624 
107,737 
102,825 
105, 014 

86,728 


00,845 
95,760 
92,152 
90,845 
93,832 


92,048 
97,794 
80,110 
93,629 
93,062 


03,463 
97,730 
07,371 
90,082 
95.848 


I 


& 


6ao 
6a2 
6a  4 

60.2 
60.5 
61.6 

62.5 
60.2 
6a5 
6a3 

6a  0 

61.6 

6ai 
6a2 
6ao 
6a6 
6a8 
oao 

62.9 
6a7 
6a7 
6L6 

6ai 

63.8 

63.4 
64.1 
64.3 
6a  4 
63.6 
61.1 

63.7 
6a  6 
64.5 
64.1 
64.0 
04.0 

67.7 
6a9 
68.3 
67.7 
6a  1 
67.0 

66.4 
67.2 
66.5 
6a3 
67.4 
07.8 

6a9 
6a  4 
6a  8 
6a  6 
6a  6 
oao 
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Tendon  te»U  upon  round  havB  of  rolled  iron — Continaed. 
Iron  F  x  (sbgond  lot). 


Diameter. 


798 
790 
800 
Av. 

801 
802 
803 
Av. 


804 
805 
806 
Av. 

807 
808 
809 
Av. 

810 
811 
812 
Av. 

813 
814 
815 
Av. 


Length.      !  At  fracture.       Elastic  lligit. 


Tenaile  limit. 


// 


1.00 
1.00 
LOO 


L12 
L12 
L12 


L24 
L24 

1,24 


L37 
L37 
L37 


1.50 
L50 
L50 


L61 
L61 
1.61 


816  1.71 

817  L  71 

818  j  L71 
Av. 


819 
820 
821 
Av. 

822 
Av. 


L86 
L86 
L86 


// 


.73 
.75 
.72 


// 


4.50 
4.50 
4.50 


.80 
.82 
.83 


6.00 
6.00 
6.00 


.90 
.93 
.92 


7.00 
7.00 
7.00 


1.00 

noo 

LOl 


&00 
8.00 
&00 


L  0^  10. 00 
LOT  10.00 
L  Oi)     10.  OJ 


L38 
L35 

L40 


L99  L42 
L99  '  L44 
L  99     1. 43 


10.00 
10.00 
10.00 


// 


5.25 
5.38 
5.64 


7.12 
7.17 
7.05 


8.50 
8.28 
&42 


12.67 


L21  7.25  a  80 
L 18  7. 25  ,  9. 13 
L24  ;    7.25       &94 


L24  I  9.00  1L16 
L  25  j  &  00  9. 99 
L24       &00     10.17 


9.00  11.16 
9.00  '  11.30 
9.00     1L09 


53.3 
56.3 
5L8 
ft8.8 

5L0 
58.6 
54.9 
(8.2 

52.7 
56.2 
55.0 
62.8 


9.95  :  53.3 

9. 91     53. 3 

9.06     54.4 

53.7 


12. 39     50. 9 

12.30  '  52.4 

12.27     51.6 

5L6 


12. 54     49. 9 
12. 43     50.  9 


49.9 
50.2 

56.5 
53.7 
59.3 
56.5 

52.6 
53.4 
52.6 
(2.8 

55.0 
52.7 
56.6 
54.7 


o    I 


It 


16.6 
19.5 
25.8 
20.5 

18.7 
19.5 
17.5 
18.0 

2L4 

18.3 

20.3 

30  0 

34.4 
23.9 
24.5 
31.8 

25.4 
24.8 
26.7 
25.5 

2L4 
25.9 
23.3 
28.5 

24.0 
24.9 
27.1 
25.3 

24.0 
25.5 
23.2 
24.2 

23.9 
23.0 
22.7 
28.2 


•8 
t 
% 

O 


27,900 
28,300 
27,700 
27»Oe7 

36,200 

37, 100 

36, 800 

80,700 

46,500 

47.000 

40,400 

46,633 

52,600 

53,100 

53,100 

52»0S3 

61.600 

62,200 

61,400 

01,700 

73,000 

73,200 

72,000 

78,088 

80,600 

81,000 

82,000 

81,200 

93,100 

91,800 

92,000 

92,300 

100,000 
103.000 
103,500  , 
102,167 


86.796 
37,318 
36,541  I 
80,HS5  \ 

36,743  . 
87,657  I 
37.352  ; 

87,2oO  ' 

I 

38,493 

38,907 

88.410 

8«^,603 

35,685 
36, 024 
36,024 
85,911 

34,804 
35, 200 
84.748 
84,917 

35.854 
35,952 
35,805 
85,870 

35^089 

35,263 

35,698 

85,350 

34,265 

83, 787 

33,800 

83,970 


•8 

I 


44,600 

45.000 

44,200 

44,450 

54.500 

5.').  500 

55.300 

(5,100 

66,000 

67.500 

66,300 

06,600 

77,500 
75,000 
76.500 
70,833 

90,900 

91,400 

90,600 

90,007 

109,000 

109.500 

107,900 

10S,800 

119,000 
120.500 
121,000 
120,107 

140,000 

138.000 

139,  000 

189,000 


32, 154       155.  000 
33, 119       155,  500 


3.3.  279 


156,000 


86,1S4     155,500 


I 
I 


56.786 

57,308 

56,277 

60,700 

55,318  , 
56.333 
56,130  I 

55,027  ; 
I 
54,635 
55,877 
54,884 

55,182 

52,578  I 
50,882  I 
51,900  ' 
51,4S7 

51,443 
51, 726 
51,273 
51,481  , 

53,536  ' 
53,782 
52,996  , 
53,488 

51,806 
52,459  ' 
52,677  ! 
52,814 

51,627 
50,791 
51, 159 
51,160 

49,839 

50,000 

50.160 

60,000 


106,671 
101,866 
108,672 


108,402 
105,093 
102,199 


103,740  j 
99,367 
99,729  I 


98.075 
95,492 
95,413 


108,002 
101,646 
102,662 

94,782 

100, 091 

89,821 

98,510 

98,207 

100,165 

93,582 
96,436 
90,318 

97,853 
95, 457 
97, 135 


62.6 
60.0 
62.7 
02.8 

66.4 
66.8 
6&5 
00.0 

70.5 
69.6 
70.0 
70.0 

67.9 
70.8 
69.4 
09.4 

67.6 
68.0 
67.8 
07.8 

67.0 
66.8 
67.5 
07.1 

67.7 
67.2 
67.7 
07.6 

66.6 
66.5 
66.2 
06.4 

64.5 
66.2 
66.3 
05.7 


Iron  F  x  (third  lot). 


825 
826 
Av- 

827 
828 
Av. 

829 
830 
Av. 

831 
832 
Av. 


833 
834 
Av. 


LOO 
LOO 


L13 
L13 


L26 
L26 


L89 
L39 


L51 
L51 


.75 
.74 


82 
81 


91 
90 


.97 
LOO 


LIO 
LIO 


5.00 
5.00 


6.00 
6.00 


7.00 
7.00 


a50 
7.50 


9.00 
9.00 


5.75 
5.78 


56.8 
64.7 
65.5 


7. 19  55. 6 
6.95  54.2 
64.9 


8.63 
&63 


10.72 
9.10 


1L87 
10.76 


52.2 
5L0 
6L6 

42.1 
5L7 
40.0 

53.0 
53.0 
58.0 


15.0 
15.6 
16.8 

19.8 
15.8 

17.8 

23.3 
23.3 
28.8 

26.1 
2L3 
28.7 

26.3 
10.6 
22.9 


28,000 

29,000 

28.600 

35,000 

34,600 

84,800 

42,600 

41,000 

41,800 

52,000 

53,000 

62,600 

62,800 

62,000 

02,400 


35,650 

86,923 

80,886 

84,895 

34,496 

84,005 

34,162 

82.879 

82,520 

34,275 

84,937 

84,000 

35,064 
34,617 
34,840 


42,500 

42.200 

42,850 

55,000 

54,600 

64,800 

66,000 

66,800 

66,400 

79,000 

8L0OO 

80,000 

95,000 

94,200 

04,000 


I 


54,112 
53.718 
68,916 

54,853 

54.436 

54,044 

52.927 

53,568 

53,247 

62,073 
53,894 
62,788 

63,043 
52,596 
52,S19 


00,068 
99,126 


65.9 
6a7 
07.3 

63.6 
63.4 
08.5 

64.5 
61.4 
02.9 

65.8 
65.4 
05.6 

66.1 
65.8 
05.9 
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Ilnwkm  teBta  «po»  round  bars  of  rolled  iron — Contmned. 
Iron  Fx  (third  lot) — Continued. 


I 


a 
I 


Av. 

887 
888 

Av. 


840 
Av. 


841 
842 
At. 


Diameter. 


// 


L«8 
L63 


1.74 
1.74 


L87 
L87 


2.00 


Length. 


u 

LIB 
L28 


L80 
L27 


L40 
L86 


L48 

L48 


// 


7.00 
7.00 


10.00 
10.00 


10.00 

laoo 


10.60 
10.60 


I 


// 


a«7 
a66 


12.27 
12.42 


12.16 
12.62 


13.28 
12.06 


At  fraotare* 


1 


52.4 
5&0 
54.2 

6&8 
63.4 
64.0 

6&0 
62.9 
64.4 

64.7 
64.7 
64.7 


9 


I 

5 


►^•i 


« 


23.0 
22.8 
28.1 

22.7 
24.2 
28.4 

2L6 
25.2 
28.8 

20.6 
23.4 
24.9 


Blastio  limit. 


00,600 

71,000 

70,000 

80,000 

82,000 

81,000 

05,400 

97,000 

90,300 

108,000 

106,000 

104,600 


7 

s 


88,061 

84,020 

88,640 

84,008 

85,744 

86,828 

84,741 

85^824 

86,082 

82,781 
33,786 
88,172 


Tensile  limit 


110,600 
112,000 
111,800 

126,000 

126,200 

126,100 

148^000 

14£000 

140^600 

168,000 

161^000 

160>00 


62,994 

68,665 

68,829 

58,112 
63,106 
58,164 

68,918 
52,804 
58,801 

60,286 

51,241 

50,708 


I 


101,096 
95^808 


94,951 
99,605 


96,166 
99,793 


91,860 
93,604 


I 

■S 


^1 


I 


62.4 
63.4 
02.9 

63.6 
66.0 
04.9 

94.0 
66.0 
05.7 

66.2 
6&8 
05.6 


JwoeitigaHon    Caieftd  test  for  elastio  limit  of  iron  Fs,  third  lot.    Tut-pieoet-^TuTDod.  eylinders  and 

bare  ae  rolled.    Tegtfng-maehiwu^'B. 

Iron  Fx  (second  and  third  lots). 

[Teet  for  limit  of  elasticity.  J 


I 


n 


Dhnenelons  of  test-pieoes. 


Dfaynetor. 


I 


Length. 


Stress  in  poonds 


Saastio  limit 


i 


Tensile  limit 


i 


■g 


7 

pa 


1 


II 


ji 


<M 


/I 
If 

1 


It 

.600 
.601 


It 
.496 
.600 


// 
.869 
.360 


2.600 
2.600 


II 
2.509 
2.507 


II 
a268 
8.298 


7,876 
6^987 


37,651 
86^195 


10,050 
10,350 


•51,171 
62, 6U 


78.8 
07.0 


ITo  oHunge  of  finnn 


were  taken  at  erery  60  pounds  increase  on  If",  and  ereiy  26  ponndfiMiitlfibar. 
nnn  at  7,800  pounds  on  the  first,  or  at  6,926  poimds  omttie  seoondr^^ 
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TenHon  testa  upon  rtnmd  ban  of  rolled  iron — Continued. 

TetHng-maehins^A^ 

Iron  F  x  ( second  and  third  lots)— Continued. 

[Tects  to  ddtenuizie  variation  In  percentage  of  elongation,  due  to  variatton  in  length  of  teet-pieoea.] 


1 


Jl 


Dimen^ona  of  teat-pieceap 


Diameter. 


I 


Length. 


s 


4* 


6 

I 


Stresa  in  pounda  at— 


Blaatio  limit. 


i 


7 


TesiaOe  limit. 


4 


0 


I 
I 


646 
447 
448 


/f 
If 


1.73 
L78 
1.73 


// 
LSI 

L21 

L24 


75l0 
20.0 
10.0 


II 
80.00 
24.86 
12.22 


76,900 
80,500 
80,000 


32,709 
84,240 
84,028 


117,100 
118,600 
121,000 


60,021 
50,446 
51,467 


1&66 
2L80 
28.20 


Unleaa  oaoaed  by  unknown  reaaona,  the  extreme  variation  in  per  cent,  of  elongation,  due  to  yariation 
in  Iffi^  of  teat-pieoe  waa  V,  54. 


TetMt  strength  per  square  inch  of  three  lots  each  of  irons  F  and  JRc. 


[Abstract  13rom  preceding  reoorda.] 


*4 

IronF. 

• 

IxonSte. 

■ 

FIxstlot. 

1 

Second  lot. 

Third  lot. 

Fixatlot. 

Seooodlot 

Third  lot 

II 

61,262 

68,819 

61,128 

66^768 

56,790 

58,916 

*' 

58,850 

58.267 

50,149 

56,484 

55^827 

54,644 

62,970 

52,620 

62,279 

65^258 

66^182 

68,947 

51,296 

52,587 

62.889 

58,968 

51,487 

68,788 

1 

51,994 

51,456 

50,820 

63,491 

51,481 

68,819 

52,165 

60,970 

50,529 

68,587 

53,438 

68,829 

1 

50,690 

49,788 

60,547 

58,846 

52,814 

68,164 

1    f 

.      61,089 

49,061 

49,744 

62,875 

61,159 

68,861 

21 

48,956 

47.569 

47,872 

^S!^ 

60,000 

60,768 

At... 

61,580 

51,004 

50,600 

64,020 

68,081 

68,108 

The  hlatorjr  of  the  prooeaa  of  manofhotore  of  the  above  aet  of  bata— ^imenaiona  of  pilea,  dM>.^— to> 
gether  with  a  diaonnafon  of  the  resolta  of  the  teata  are  given^in  the  paper  on  the  bar>*%ttbot  of  dUlbr> 
enoea  in -the  amonnt  of  zednotion  by  tbdToUa,^pagoa  88  to  46. 
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TefuUm  testa  ttpon  round  hare  of  rolled  iroiip— Continued. 
J«Mfti^atiofi-4?li«noteirM  adapted  Coir  obaln  cables.   TeftpitfMt— Bars  aa  rolled.   IMin^-fnadkifM— A. 

Iron  K. 


I 


849 
850 
851 

At. 


At. 

854 

855 
At. 

856 

857 
At. 


809 
860 
861 
At. 


863 

864 

865 
866 
At. 

887 
868 
At. 


i 


n 

•  « 


u 


» 


» 


If 

tt 


if 


9 
ti 


DimensioDa  of  teat-pieoea. 


Diameter. 


1 


II 


1.125 
L125 
1.125 


IiongtlL 


// 


.875 
.875 
.875 


L250 
L250 


1.875 
1.375 


L500 
L500 


1.625 
1.625 
1.625 
L625 


1.710 

1.750 

1.880 

1.875 
1.875 


2.030 
2.040 


LOOO 
L062 


1.062 
LOOO 


L125 
L125 


1.187 
L187 
L106 
1.250 


L280 

LSOO 

1.350 

L440 
1.410 


1.640 
1.540 


// 


18.50 
13.50 
18.50 


16.00 
16.00 


15.75 
15.75 


19.00 
19lOO 


19.00 
19.00 

laoo 

l&OO 


9.00 

9.00 

1L56 

19.50 

laoo 


18.00 
19.00 


// 


1&12 
16.25 
16.12 


18.87 
ia66 


19.12 
19.50 


28.87 
23.12 


22.87 
21.87 
2L72 
2L47 


9.90 

22.85 

14.06 

23.90 
21.97 


20.40 
22.38 


At  fracture. 


! 

I 


60.5 
60.5 
60.5 
•0.5 

64.0 
72.8 
08.1 

60.0 
52.9 
56.4 

69.5 
60.5 
00.6 

53.4 
53.4 
54.4 
50.2 
65.1 

56.0 

78.0 

54.5 

59l0 
57. 0 
58.0 


•I' 


P4 


19.4 
20.3 
19.4 


l&O 
16.0 


21.4 
23.8 


17.7 
21.7 


20.7 
15.1 
20.6 
19L2 


10.0 

17.6 

2L8 

18.4 
22.0 
20.2 

13.8 
17.8 
16.5 


Btreaa  in  i>oimdB 


7 


86,700 
86,700 
38,631 
87,844 

37,551 
85,452 
86,501 

31,084 
81.034 
81,084 

32,697 
34.227 
88,412 


84,717 

85,180 

35,180 

85,026 

88,810 

83,124 

82,486 

30,944 
31, 118 
81,081 

81,441 
30,839 
81,140 


TenaHe  limit. 


-i 

il 

o 

8| 

P4 

59,136 

60,096 

61,056 

00,090 

69,496 

60,458 

61,424 

00,458 

78,920 

72,000 

72,900 

60,244 
68,679 
50,401 

80,640 
85,056 
82,848 

54,808 

57,277 

65,700 

102.720 

99,840 

101,280 

68,132 
56.509 
67,817 

119,612 
114.240 
120. 000 
120,000 
118,468 

67,674 
55,182 
57,863 
57,862 
57,182 

130,000 

56,1505 

189,200 

57,874 

148,800 

56,577 

153.600 

154,500 

154,080 

55,630 
65.977 
55,808 

194.880 

188.160 

101,520 

60,213 

57,567 

68,800 

98.348 

99.940 

102, 148 

100,144 

94,117 

81.264 

87,090 

91, 015 
108,296 
09,055 

103,340 
100,402 
101,871 

108.048 

103,197 

106, 194 

97,709 

108,800 

101, 010 

78,777 

103,983 

94.314 

99.693 

07,008 

92,255 
101,708 
00,081 


I 

a 
I 

o 

I 


6L0 
60.7 
62.8 
61.7 

62.8 
60.0 
01.1 

57.1 
54.1 
65.0 

5&0 
60  5 

58.2 


63.0 
60.8 
60.8 
01.6 

67.7 

87.2 

57.0 

55.6 


52.2 
53.5 


G   T 
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TEST8  OF  li£TAL& 


Teiui(m  UtU  wpon  rwmd  Ian  ofroXUd  ir<m — Continaed. 

IBOK  K  (1"  BAB6)  A2n>  D  (1"  BAB). 


I 


8 


870 
871 

At. 

873 
878 
874 
Av. 

875 
876 

877 
878 

At. 

878 
880 
881 
At. 

882 


884 
885 

At. 

886 

887 
888 
888 
At 


KB 
KB 
KB 


KT 
KT 
KT 


KB 
KB 
KB 
KB 


KT 
KT 
KT 


DB 
DB 
DB 
BB 


DT 
DT 
DT 
DT 


Dimfiinalons  of  tatt-ptooea. 


•  800 
.900 
.900 


.992 
.  906 


.900 


1.02 
1.01 
1.02 
LOl 


.969 
.070 
.966 
.970 


.776 
.770 
.762 


.694 

.706 


.764 

.776 
.754 
.768 


.691 
.689 
.684 


.675 
.688 

.723 


.607 
.671 
.667 
.660 


Lfttigth. 


u 


8.96 
8.96 
8.95 


8.56 
8.56 
8.66 


8.97 
8.92 
8.89 
8.94 


8.55 

8.60 
8.55 


4.40 
4.45 

4.42 
4.02 


8.89 
8.75 
a65 
8.62 


At  ftvctnra. 


j 
1 


09.8 
fiO.6 
6&0 
58.2 

59.5 
61.9 
60.1 
•0.5 

67.8 
61.3 
57.8 
68.9 
59.1 

68.2 
60.3 
50.6 
69.4 

46.1 
45.1 
45.5 
60.8 
46.8 

47.5 
48.0 
47,7 
4&0 
47.0 


o 

I 

I 


I 


21.5 
21.0 
21.6 
21.2 

23.3 
20.8 
21.6 
20.0 

22.2 
23.2 
22.1 
23.7 
22.8 

28.9 
18.3 
26.5 
22.9 

28.4 
20.2 
24.3 
8L6 
26.1 

29.0 
26.6 
80.8 
81.7 
20.5 


62,444 

61,900 

62,465 

•2,200 

68,489 

61,930 

60,240 

•0,580 

62,100 
62.860 
61,609 
61,711 
•1,040 

61,067 
62,747 
61,656 
6M28 

52,605 
52,806 
52,710 
55^390 
58,400 

62,712 
51,623 
61,848 
53.450 
52,408 


1,788 


126 


I 

1 


Irons  K  and  D  were  repreeentotlTee  of  extreme  oontnstins  typee  of  Toiy  refined  and  pure  iron,  the 
first  a  Pennsylvania  and  second  ICassachnsetts  production — ^the  latter  being  rivet  iron  and  the  former 
the  only  iron  tested  which  woold  oome  np  to  the  icoTemment  standud  of  60,000  pounds  per  square 
Inch.    Their  record  has  been  placed  under  one  heading  for  contrast. 


TESTS  OF  mojaa. 


89 


"vpsft  «n««»»oi 


*vpiniod 
'povjn^  ep99oxo  qSno^i 


S 


4 

I 


7 

i 

•3 
9 
I. 

I 


I 


-91100  JO  J 


q6 


tpuuoj 


-!|aoi  JO  pofio^ 


o  e  Q  o 


0000 


S9$9    9999 


-gsoipiiooog 


mn  §ii§ 


■»«9»»«H 


^imn  of)o«[a; 


I 


It 
§ 

P4 


-onifOwg^Y 


*9|Qinoi|eiB99Y 


1 


I 


-ozn^ov^^Y 


*|(Ui(iouviio99y 


*oxi40«9fy 


Ifinn  OQiao^  I Y 


T««I*W) 


■ozn^ov^^Y 


Umji  0U9II0I 9Y 


3Sai 


i^^i 


^  ooooS 


imqSpo 


I 


*poiuii9  JO  ii8iio{[ 


■joqnniiK  fiox 


r4    -rA 


P9MM 


CO  coco 


8§S 


U^ 


u% 


HHH 


85Sw^     Ww^ 


84 


TESTS  OF  METALS. 


«  I 

'-2  ^ 

o  g 

^  I 

1 1 


3 

2 
i 

I 


I 


I 

I 
I 


IK 


o 
.S3 


tpmod 


I 

I. 


i 

+ 


I 

•a 

■c 

« 

.i 
3 
f 

I 

I 

■c  I 


8 

I 


J 


e  : 


5 


h 

Si  : 


I 


ua 
^ 


5 


I 

I 


^ 


I 
h 


CO 

I 


Pi 


4 

9 


CQ 


«^Q0^       ^00-P«       0»OO       t*OOI«       OOlOtD       tHlO( 

^sss  {3s$s^  y^s  i^es  6^3  Sg; 


qofi{  etxmbe  m^ 


qoiif  oivaoe  X9^ 


l§3  gS§  §Sg  Si§  SSS  sHi 

SS"S   *J?S   ass   2S3   Ssg   :?3"3 


•POAJBWIO 


9J!V1lb€  (]9d  fpnn  OtWWIH 


:SS 


l|  ill 


:g] 


**i  8'8V  ss3  tfafi  22§  si 


1^^  SIS  i§S  E§S  iS  :   SS3 
dUu    SS?S    888   SSj-  8"^  !    S Sa 


S 

.s 

5- 


e 

I 


1IOf!)V9 

*iioio  *!^iiao  JO  J 


COiHt*       <D«^       lOiOiO       ^lO^       «»»•       O^CV 

^eie«     ^e4e^     Smc*     mc^im     SSe«     Me«S 


poonpoa 


I 


*oni90«9^y 


i-i«io     Mioto     »*m^     e««     ofevH^    e«iOM 

^:SS  g^3  Ai^  iifi  ifii  &tt 


•f^W) 


oo 


I 


•9xanam3f%Y 


88 
5   •  • 


Tni{8po 


S3 


'JVq  JO  JO9OIIIBKX 


98 


00 
t-fc- 


38 


8^ 


98 


0(50(5 


88 


88 


eieS 


10 10 


00 


88 


0606 


SS8 


S3 


C>C» 


00 

aSeS 


e 


.a«,anm^l|      ||^    g|ij    ||i-    ||.    || 


;^ 


TESTS  OF  METALa 


'85 


r4 
I 


1 


ft* 

S 


§S 


11 


^^ 


^S^8 


^ss 


2Si 


83 


S3 


aSoi 


33 
o4e4 


n: 


ss4  §34 


I 

s 

I 
I 


I 


8* 


§1 


a 


It 


^■s 


i 


I 


a* 

1 


01 


I 


«« 


TESTS  OF  METALS. 


TefuUm  tetU  upon  round  J>ar$  ofroUeA  iron    Continued. 
InnutigaHon   Clugaoter  m  adapted  for  ohain  cables.    Ait^iMM— Ban  as  rolled.    TuUbngjmatiMm   A. 

Ikon  O. 


i 

i 

% 

1 

u 

a 

1 

1 

H 

II 

912 

1 

918 

1* 

9U 

li 

915 

If 

916 

u 

917 

If 

918 

u 

919 

If 

920 

2 

Dimenalona  of  test-piecea. 


Diameter. 


// 
LOl 

LIO 

L26 

L85 

1.51 

1.02 

L72 

L88 

2.00 


II 

an 

.75 
.81 
.87 
LOO 
1.12 
1.17 
1.25 
L40 


T^ngfK 


n 

6i00 
6.00 
&00 
9.00 

moo 
aoo 

10.00 

laoo 

ILOO 


u 
6i75 

7.88 

aoo 

1L48 
12.78 
a77 
12.88 
12.40 
18.82 


At  fracture. 


{ 


It 

49.4 
46.5 
48.0 
4L5 
43.7 
47.8 
46u8 
45.2 
4a9 


u 
16.2 

28.0 

28.7 

27.5 

27.8 

22.1 

28.8 

24.0 

25.6 


Streaa  in  poands 


7 
11 


H 


87,415 
82.410 
80,078 
84,940 
82,812 
84,012 
82,271 
80,842 
81,413 


Tenaile  limit 


-i 


46,000 

50.400 

61,400 

72.400 

91,400 

108,000 

116^500 

129,000 

151,000 


I 


57,868 
58,085 
50,040 
50,594 
60,919 
62,401 
50.120 
47.478 
48,249 


116^168 
114,050 
116.265 
121,783 
116.373 
109,682 
108^872 
105,184 
98.506 


i^ 

n 


65.2 
6L1 
60.1 
69.0 
68.4 
64.9 
64.8 
66w0 

6ai 


This  ia  a  reiy  fine  quality  oharooal  bloom  iron,  entirely  too  dnctfle  for  ohaio-cable  mannikotaTe.  It 
was,  however,  thougnt  deairable  to  procure  the  record  as  oable  of  iron  of  thia  character,  for  aake  of 
c(mtrast  with  that  of  such  iron  aa  K. 


XnvefC^otJon^-^niaracter  aa  chain  cable.— Tariation  in  tensile  strength  accompanying  Tsxiatioii  in 

diameter,  &c.     T<f^pMMf— Ban  aa  rolled.    JVrtiny-maoMw   A. 

Ibos  P  (fibst,  second,  and  thikd  lots). 

FIBST  LOT,  1875. 


i 

• 

^ 

^ 

.a 

o 

i 

1 

a 

« 

•*» 

s 

S 

jj 

H 

II 

921 

u 

922 

If 

928 

lA 

924 

U 

925 

2 

Diameter  of  test-pieces. 


Diameter. 


I 


// 
L27 

L88 

L46 

L62 

2.02 


.80 
.86 


.96 
L40 


Length. 


// 
6.7 

7.0 


&0 
10.0 


u 
&82 

ao7 


10.24 
12.40 


At  ftactore. 


\ 

1 


40.0 
8910 


89.1 
5L0 


SL5 
2a6 


28.0 
24.0 


Stress  in  pounds  at— 


H 


86.606 
80,802 


29.680 
29^959 


TenaDe  limit 


70,704 
78.624 
89,800 
95,904 
160;  849 


56.782 
62,560 
68,845 
52,865 
40;  872 


135,841 


185^804 
96,121 


I 


« 


6L4 
5&6 


56.0 
68.0 


39 


r 

9 

i: 
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Am{Z6  teita  ttpem  round  ban  of  roUed  iro» — Continued. 

IBON  P  (FIB8T,  SECOND,  AMD  THIKD  LOTS)— OontinQed. 

SECOSTD  LOT,  1878. 


I 


a 

1 


ser 

At. 

828 
829 

At. 


831 
At. 


At. 

984 

885 

At. 


837 
838 
At. 


840 
At. 

ft«l 
842 
At. 


1 


» 


» 


» 


If 

14 


if 


a 


Diameter  of  test-piecee. 


Diameter. 


.89 
.98 


1.12 
L12 


L28 
LSS 


1.40 
L40 


L62 
L52 


L64 

1.77 
1.77 


1.88 
L88 


2.01 
2.01 


I 


tt 

.94 
.73 


.81 


91 
.87 


86 
97 


L06 
LIO 


Lie 

L84 
L80 


L28 
L80 


L28 
L28 


Length. 


At  fracture. 


tt 


4.25 
4.25 


0.00 
6^00 


7.00 
7.00 


&00 
&00 


laoo 

10.00 


aoo 

8.00 
9l00 


10.00 
IOlOO 


11.00 
11.00 


It 


4w07 
5.08 


7.20 
7.06 


a  78 

&67 


10.05 

aoo 


12.22 
12.40 


a70 

1L81 
ia98 


12.66 
12.80 


14.20 
14.22 


8a2 
54.4 


5a  6 
5a8 

58.0 

60.6 

4a2 

48.8 

46.0 
4a8 
48.4 

60.5 

81.4 

60.0 

67.8 
6a9 
65.0 
4a4 
47.8 
47.1 

4a6 

4L2 
40.9 


. 


o 
■a: 


P4 


.9 

las 


20.0 
17.7 
18.9 

2a4 

23.9 
24.0 

25.6 
2a7 
24.0 

2a2 

24.0 
28.1 

!• 

2&7 

2ao 

28.8 
25.6 

2ao 

24.8 

2ai 
29.8 
29.2 


Streaa  in  poiindi 


88.971 

89,489 

88,280 

41,006 
41,615 
41,811 

87,218 
86,519 
86,808 

83,788 
87,787 
85,702 

88,067 
.88,233 
88,140 

88,522 

38,288 
83,726 
88,848 
82,420 
82,204 
82,812 

81,673 
82,083 

81,878 


TensQe  limit. 


43,000 

46,000 

44,600 

66,000 

67.000 

50,500 

78,000 

73,400 

78,800 

85,000 

85,000 

85,000 

07.400 

99.200 

98,800 

117,500 

182,400 
127,700 

180,050 
143,800 
146,600 

145,200 

161,400 

161,200 

161,800 


55,858 
60,755 
57,807 

56,840 

57,789 

57.889 

56,721 

57,031 

50,870 

55^230 

55,230 

55,280 

68,664 
54,655 
54,159 

55,084 

63,709 
51,888 
52,844 
51,801 
52,809 
52,808 

50.866 

60.803 

50,884 


109,916 


124,976 
130,021 


112,238 
123,465 


U9,921 
115^029 


106,880 
104,888 


11M08 

93,900 
96,233 


93,000 
96^233 


125,310 
123,886 


69.8 

oai 

07.0 

7ai 

71.9 
72.0 

6a6 
64.0 
04.8 

6L2 
64.0 
02.9 

61.6 
6L8 
01.7 

00.2 

61.8 
65lO 
08.4 
6L8 
65.0 
08.4 

618 

6ai 

62.7 


—  .518 


—  .418 


.L646 


-L071 

+L475 


-1790 


-~  .639 


— L471 


THUtD  LOT  (Px). 


948 
944 

At. 

945 
946 
At. 

947 


At, 


960 
At. 

9S1 
968 
At. 


» 


» 


» 


» 


}f 


L26 
L26 


L61 

L51 


L64 
L64 


L76 
L76 


L87 
L87 


.92 
.96 


L15 
L15 


L12 
L08 


L82 
L32 


132 
L38 


7.60 
7.60 


7.50 

aoo 


7.00 
7.00 


aoo 
aoo 


laoo 
laoo 


aoo 
aoo 


a  17 

11.07 


a85 
a78 


11.60 
1L22 


1184 
1171 


518 
66i8 
55.1 

510 
510 
58.0 

417 
414 
45.1 

612 
612 
60.2 

4a8 

60.6 
50.2 


ia6 

2L0 
20.2 

213 
210 
22.0 

214 
214 
25.9 

218 
24.7 
28.7 

214 
27.1 
27.7 


84,482 
83,360 
88,021 

84,617 


84,617 

88,143 

33,712 

38,427 

83,703 

84,114 

88,908 

82,046 
82,477 
82,201 


70,600 

70,000 

70,250 

97.800 

90^000 

97,850 

115,000 

116,000 

115,500 

131,000 

132,200 

181,900 

142,400 

141,600 

142,000 


66,535 
66,134 
60,884 

54,606 
54,103 
54,854 

54,455 

54,924 

54,689 

54.089 
54,886 
54,212 

51,860 
61,665 
51,702 


106,046 

98,758 

102,402 

94,129 
93,262 
93,695 

116,727 
126,723 
121,075 

96,199 
96,637 
90,418 

104,093 

101,943 

108,018 


02.8 


6L0 

511 

59.5 

619 

64.0 
04.0 

60.9 

-LWO'" 

61.4 

00.1 

618 

+  .885 

618 

62.5 

—  .477 

450 
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TESTS  OF  BfETAJLa 


HmUe  teetB  t^nm  roumd  ban  of  rolled  irom — Continued. 
Jnvcff^^otioii— Tests  preUminaiy  to  reo4^t  of  cbAln  ixon.    T$tt-pi§eti   Cludn  bolts  in  nAtaxsl  state. 

Iron  P  l^  (chain  bolts). 


i 

1 


S68 

to 

982 

968 

to 

972 

978 
to 


to 
992 


to 
1002 

1008 

to 

1012 

1013 

to 

1032 

1023 

to 

1032 

1083 

to 

1042 

At... 


1043 
1044 
1045 
1046 
Av.. 


DinHwurions  of  test-pieoes. 


DiuDoter. 


\  L82 
\  L83 
\  1.82 
\  L82 
I  L32 
\  L82 
\  L82 
\  1.82 
\  1.81 


L81 
1.81 
1.81 
L81 


ti 


LOO 


LOl 


LOO 


LOl 


.07 


.99 


.07 


T^ngfK 


&35 

a8o 

&25 
&80 
a88 

aao 
aso 
a86 
a06 


.96     a25 


.98 
.94 
.96 


a25 

a26 
a25 


lao 
ao 


a9 

# 

as 


a6 


a? 


lao 


lai 


ia3 


10.1 
10.0 
10.1 

a  9 


At  fesotove. 


S7.4 


sai 


sas 


87.4 


6ai 


5a8 


64.0 


sas 


5L8 

(S.0 

52.9 

sao 

5L5 

6a7 

53.8 


2ao 


las 


ia6 


lao 


lai 


ia6 


3ai 


2a4 


lai 

19.1 

2L9 
21.7 
22.3 

lao 

31.4 


Stress  in  ponnds 


I 


86,  lU 
34.781 
86,646 
86,0j8 
9530S 


Tensile  limit. 


1 


72,740 
78,660 
74,190 
72,640 
74,120 
75,660 
76^540 
76^800 

75,240 

74,490 

72,400 
72,800 
73.200 
78,000 
73^0 


I 

i. 


P4 


68,172 


68,772 


64,282 


68,100 


64,181 


66,284 


66,960 


66,476 


66.816 

64,648 

62,008 
64,014 
64,810 
64,162 
53,848 


92,615 


67,634 


92,596 


92,487 


9^268 


94,800 


103,672 


97,803 


101,813 


100,027 

96,513 

105. 475 

100,886 


^ 


a 


I 


66.0 


10 
10 
10 
10 
10 
10 
10 
10 
10 


1 

1 
1 
1 


Of  the  above  tests  ninety  were  made  by  the  board  of  officers  appointed  by  the  Equipment  Bnrean  to 
inroect  chain-iron  delivered  as  samples  and  nnder  contract,  ana  the  recora  has,  by  permission  of  the 
Chief  of  that  bnrean,  been  incoiporated  in  this  report. 

No  tests  having  been  made  for  elastic  limit,  the  chairmen  of  these  committees  obtained  permission  to 
make  the  tests  1043  to  1046,  inclusive ;  also  to  make  and  test  flrom  the  iron  a  set  of  chain  links  whose 
xecoid  is  given  on  page  188,  no  tests  in  this  form  appearing  upon  the  records  of  the  navy-yaid. 
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Tmahn  testa  i^poM  nmnd  han  ofrolMinm — Continued. 
ii»veff^9a<i(m---Bzamln«tf0ii  of  chain  troo  delivered.   IVf^pieo^*— Ban  at  rolled.    Tetting-maeMM—A^ 

IbonM. 


0 

I 


1409 
1410 


// 


"i 


1411 

1412 

Av.. 

»ii 

1413 

1414 

Av- 

a. 

1416 

1416 

At  .. 

^ 

1417 

1418 

Av  .. 

» 

1410 

1420 

Av  .. 

1^1 

1422 

At  .. 

2* 

Pitneiiaioiis  of  test-plecea. 


Diameter. 


It 

too 

L88 
1.89 

LOQ 
1.06 
1.96 

2.01 
2.01 
2.01 

2.10 
2.10 
2.10 

2.15 
2.15 
2.15 

2.22 
2.22 
2.22 

2.26 
2.26 
2.26 


I 


M 

L45 

1.47 

1.465 

L52 
1.50 
1.51 

1.66 

1  55 

1.550 

1.60 

1.60 

1.590 

1.68 

L66 

1.665 

LOT 
L71 
1.69 

1.78 
L78 
17.8 


Length. 


•a 
s 


// 


10.5 
10.5 


11.6 
1L5 


12.0 
12.0 


lao 
lao 


18.5 
13.5 


18.5 
13.5 


14.5 
14.5 


I 


12.60 
12.87 


18.60 
18.87 


At  fracture. 


1 


14.56 
14.75 


IS.  87 
16w75 


16.60 
1&45 


16.56 
16.75 


18.12 
17.81 


5a2 
01.1 
59.6 

60.1 

5a5 

59.8 

60.2 
58.6 
59.8 

5&0 
67.8 
57.6 

61.0 
6&8 
59.9 

66.6 
50.8 
57.9 

68.6 
67.5 
58.0 


& 


20.0 
17.8 
19.8 

10.0 
20.0 
19.8 

21.8 
23.0 
22.1 

22.0 
2L2 
21.6 

22.2 
2L8 
22.0 

22.6 
24.0 
28.8 

2&0 
22.8 
28.9 


StroM  in  pounds 


Tenaile  Umit. 


143,200 

139,400 

141,300 

166,000 

154,600 

155,800 

166.000 

107,000 

161,800 

178,600 

171,200 

174,900 

184,600 

186,000 

185,800 

200,000 

200,000 

200,000 

205,800 

210.400 

208,100 


I 


7 

P4 


60,511 

50,216 

50,868 

51,707 
51, 242 
51,474 

49.164 

52.820 

50,992 

61,560 

49.422 

50,499 

60.841 
51, 225 
51»038 

51, 666 

61,666 

51,666 

51,206 
61,580 
51,418 


189,002 


151,848 


160,207 


168,818 


180,952 


198,747 


904,418 


& 

h 

111 


2,298 


8,462 


1,487 


6,587 


4,848 


6,258 


8,682 


Ko  chain  links  of  the  abore  bars  (which  were  purchased  for  the  mannflustare  of  end  links,  to  attich 
to  shackles  in  chains  of  less  diameter,  and  for  shackles,)  were  tested.  Although  the  fault  of  being 
rolled  too  ftiU  was  a  good  one,  as  fkr  as  strength  depended  upon  it,  the  errors  in  the  sizes  wore  too  great 
to  peimit  the  record  to  remain  uncorrected,  in  contrast  with  that  of  bars  of  other  irons  rolled  troe. 
l±a  record  is  an  abstiaot  ttom  the  books  of  the  navy-yard,  Washington,  D.  C. 


SEOTIOiril- 

FOEM  AND  PROPORTIONS  OP  TEST-PIECES. 

A  PAPER  SHOWDTG  BT  EXPEBDfEMT,  THB  CORRECT  FORM  AND  PROPORTIONS  OF  TEST- 
PIECES  TO  BE  USED  IN  ORDER  TO  PROCURE  CORRBCTLT  THE  TENACITT,  ELASTIO 
LDfTT,  ETC.,  OF  VARIOUS  METALS— A  COMPARISON  OF  THE  STRENOTH  OF  BARS  IN 
THEIR  NORMAL  CONDITION  WITH  THE  SAME  AFTER  REDUCION  BT  TURNING  AWAT 
THE  SURFACE— COMPARma  THE  RESULTS  BT  THE  TWO  TEST  INO-MACHINES. 

In  obtaining  the  results  introduced  in  the  tables  of  records  of  bars 
tested  by  tension,  we  have  used  the  two  testang-machines  A  and  B. 

By  the  first  we  have  tested  all  of  the  bars  of  diameter  greater  than 
one  inch,  and  by  the  latter,  bars  in  their  normal  condition  of  less  than 
one  inch  diameter,  and  cylmders  tamed  ttom  the  larger  bars. 
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Out  tests  made  upon  these  cylinders  gave  results  of  tensile  strength, 
and  elastic  limit,  which  were  so  much  lower  than  the  manu&cturers  of 
the  various  irons  considered  their  products  equal  to,  that  some  dissatis- 
faction and  doubt  as  to  their  correctness  were  expressed. 

Upon  examination,  we  found  that  in  nearly  all  cases  where  our  results 
were  supiK)sed  to  be  erroneous,  on  account  of  a  lack  of  coincidence  with 
results,  obtained  in  some  cases  by  the  experiments  of  private  testers  of 
iron,  and  in  others  by  tests  made  in  government  navy-yards,  by  persons 
presumed  to  be  competent,  the  teste  whose  resulto  cast  doubts  ux>on 
ours  had  been  made  upon  test-pieces  turned  from  the  bars  to  a  reduced 
diameter,  which  at  one  point  was  reduced  by  a  groove  to  a  much  less 
one,  as  shown  in  Fig.  1,  page  95. 

The  errors  which  arise  through  the  use  of  this  erroneously  shaped  and 
proi)ortioned  test-piece,  have  been  frequently  pointed  out,  first  by  Kir- 
kaldy  and  subsequently  by  0.  B.  Bichards,  member  American  Society 
of  Civil  Engineers ;  but  it  does  not  appear  that  even  as  yet  the  errors 
which  thus  arise  are  fully  recognized.  As  a  case  in  iK)int,  the  following 
comparisons  of  the  strength  of  various-sized  bars  of  iron  F,  as  found 
by  our  teste,  and  as  furnished  to  the  manufiacturers,  by  so-called  testers^ 
Tfoll  fuUy  illustrate. 

This  iron  is  ahcays  of  so  uniform  a  strength  and  quality  that  the  test 
of  one  bar  furnishes  most  valuable  evidence  as  to  the  probable  strengOi 
of  another. 

Sirenathper  square  inch  qf  iron  F,  a»  fawnd  hy,  and  a»  fnmUked  to  the  oommittee. 


1 

Strength  fooiid. 

'S 

i 

Strength  fdmished. 

Difference 
inavengee. 

1 

Frona^— 

To- 

Arengfi, 

I^om— 

To— 

Avenge.' 

In. 

^ 

2 

8 
8 

Pounds. 
46.164 
47.558 

Pounds. 
46.702 
47,871 

Pounds. 
46,446 
47,764 

5 

4 
8 
18 
15 
15 
12 

Pounds. 
68,484 
64,750 
50,773 
58,111 
57,478 
60,440 
67,099 

Pounds. 
65,357 
60,757 
64,009 
71,025 
64,828 
67,471 
66,007 

Pounds. 
62,540 
67,236 
69,048 
63,686 
63,800 
63.850 
63,230 

Pounds. 
16,094 
0^472 

2 

8 

40,155 

40,465 

40.628 

13.068 

2 

0 
8 
8 
8 
8 
8 

46.862 
48.870 
48,792 
40, 144 
40.842 
48^818 

40,700 
51,300 
50.842 
51,800 
51,840 
50,000 

48,182 
40,048 
50,825 
51.221 
51,428 
52,306 

16^218 

1 

1 

12 

63,116 

75,545 

65^088 

1 

11 

66,812 

68,255 

67,062 

With  the  tabulated  statement  furnished,  the  average  tensile  strength 
of  all  sizes  combined  was  given  as  63,207  pounds,  and  the  resulte  fi^m 
the  sizes  1^"  and  1^"  hsui  been  consolidated:  also  those  from  1^^' 
and  If''. 

With  experimenters,  developing  by  accident  such  a  uniformity  in  the 
average  tensile  strength  of  the  various  sizes^  it  is  not  to  be  wondered 
that  no  attention  had  been  drawn  to  the  variation  in  strength  accom- 
panying variations  in  diameter,  which  is  plainly  indicated  in  our  more 
correctly  made  experimente. 

The  broken  test-pieces  by  which  the  resulte  were  procured  were  shown 
to  us,  and  they  were  of  the  groove  form. 

We  determined  to  thoroughly  investigate  the  effect  upon  the  resulte 
which  were  due  to  variations  in  the  proportions  of  the  test-pieces.  The 
stock  of  contract  chain  iron  on  hand,  all  of  which  had  been  considered 
to  be  of  a  tensile  strength  of  at  least  60,000  x>ounds  per  square  inch  ^the 
standard  at  that  time,  as  it  is,  or  was,  also  of  the  British  navy),  furnisned 
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material  for  experiment,  and  a  nnmber  of  comparative  tests  were  made 
by  means  of  grooved  test-pieces,  and  short  cylinders,  with  results  as 
follows: 


COMPARISON    OF    RESULTS    OBTAINIED    FROM    CHAIN   IRON   ON    HAND,   BT  MEANS 
GROOVED  TEST-PIECES  AND  SHORT,  TURNED  CYLINDERS. 

Ha^pmmmta  2fo$.  1  to  58. 


OF 


Sixe. 


DimensionB  of  test- 
pieoe. 


i 


Squanineh. 
Qne-qnartor. 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

..  do 

...do 

One-balf . . . . 

...do 

...do 

...do  ....... 

...do ....... 

...do 


In. 
1.20 
1.20 
L20 
L20 
L20 

Lao 

L20 
L20 
L20 
L20 
L25 
L25 
L25 
L25 
L25 
L25 


NaoftMto. 


I 


8 
2 
8 
S 

a 

2 
2 

1 

2 
2 
2 
2 
2 
2 
2 
2 


8 
2 
2 
2 
2 
2 
1 


2 
2 
2 
1 
1 
1 
1 
1 


Tensfle  strenffth 
per  square  inch. 


i 

I 


Poundt. 
67,700 
o6|  600 
62,600 
48,000 
58,900 
62,400 
64,200 
68,400 
46,900 
65,450 
64,300 
68,400 
61,600 
60,900 
44,000 
48,200 


Poundt. 
71,630 
70.600 
65,850 
60,000 
67,400 
62,800 
67,200 
67,200 
64.600 
65,400 

'  66,000 
69.700 
64,900 
62,400 
68,500 
66,000 


Grooves  exceed 
cylindere  by — 


I 


13,830 

14,000 

13,190 

11,000 

8.500 

10,400 

13,000 

8,800 

7,600 

9,950 

11,700 

11,300 

13,400 

11,500 

9.500 

8,700 


23.5 
24.6 
24.0 
25.0 
14.6 
20.0 
24.0 
15.0 
10.0 
18.0 
2L0 
19.0 
26.0 
22.0 
10.0 
18.0 


Appearanoe  of  frad- 
nre. 


Fine  steely. 

Bo. 

l3o. 

Do. 
Coarse  gramiloiis. 
Fibroos. 

Do. 
Coarse  fiber. 
Coarse  f^numlous. 
Gray  fiber. 

Do. 

Do. 
Coarse  granulous. 

Do. 

Do. 

Do. 


These  results  made  it  evident  that  the  government  had  not  received 
iron  of  snch  great  tensile  strength  as  was  supposed,  and  this  was  made 
more  certain  by  the  results  procured  subsequently  by  comparative  tests 
upon  several  of  the  irons  which  make  up  our  records.  These  are  here 
given.    One  groove-test  was  made  upon  each  size. 

Experiments  Nee.  59  to  94. 


DimeDsioDS  of 
test-piece. 


i 


TTltimate  streneth 
per  square  inon. 


i 

c2> 


Poundff. 
64.800 
67,700 
68,900 
68,800 
M,100 
67,000 
66,650 
67,300 
62,200 
61,900 
60,620 
75,250 
74.400 
94,400 


I 
I 


80,000 
69,520 
61,060 


Poundt. 
47,886 
48,600 
66,000 
62,000 
45^800 
51,900 
63,600 
60,850 
60,300 
50,180 
60,400 
68,890 
60,290 
75,283 
74,600 
66,600 
60,080 
60,000 


Grooves  exoeed 
cylinders  by— 


i 

P4 


6,915 

9,100 

2,000 

6,800 

13,800 

15,100 

12,050 

6,050 

11,900 

11,770 

10, 120 

16,860 

16, 110 

19,167 


P4 


13,600 

9.440 

11,060 


14.5 
10.8 
6.0 
12.1 
20.0 
29.0 
22.6 
14.0 
24.0 
28.6 
20.0 
20.0 
26.0 
23.0 
26  6 
20.0 
l&O 
21.0 


Remarks. 


strong  and  tongh. 
Hard  and  coarse. 

Do. 

Do. 
strong  snd  Umgh. 
strong;  good  stock. 
Not  enough  work. 
Itregular. 

Do. 
Soft  and  dnotfle. 

Do. 
Steel. 

Do. 

Do. 

Do. 

Do. 
Tough  and  strong. 

Do. 
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It  is  t4>  be  noticed  that  the  difference  between  the  resnlts  obtained 
by  the  two  methods,  is  ^i^ater  in  pnre  refined  iron  than  it  is  in  coarse 
material.  A  single  experiment  made  with  a  test-piece  of  each  form, 
nx>on  cast  iron,  confirmed  this  view;  the  difference  of  results  was  less 
than  1  per  cent.,  and  the  cylinder  proved  that  much  the  stronger. 

A  series  of  experiments  was  undertaken  for  the  express  purpose  of 
enabling  us  to  decide  upon  the  correct  form  and  proportions  necessary 
in  the  test-piece,  to  insure  correct  results.  The  first  of  this  series  was 
made  upon  eighteen  test-pieces  turned  from  a  2^'  bar  of  a  remarkably 
pure  refined  and  uniform  iron  (K). 

No.  1  of  this  series  was  1(K'  long,  and  the  length  decreased  upon  each 
successive  number  until  at  18  the  groove  form  was  reached.  The  diame- 
ters were  nearly  constant,  except  in  two  cases,  where  seams  encountered 
made  it  necessary  to  turn  away  more  iron.  The  results  are  given  in  the 
following  table: 

EagteHmenta  No$»  95  to  113. 


I 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 


TiWigth. 


1 


Inehet. 
10 

H 
9 

H 

?* 

« 

? 

4 

I* 

8 
Gtooto 


In. 

12.81 

U.81 

10.94 

10.87 

9.875 

8.81 

7.94 

7.34 

6.90 

6.06 

5.03 

4.44 

8.80 

2.54 

1.90 

L87 

.65 


1 

Diuneter. 

cent  of 
gation. 

1 

1 

a 

O 

s 

In. 

In. 

23.1 

.977 

.768 

24.8 

.977 

.780 

21.5 

.977 

.811 

22.0 

.977 

.810 

25.0 

.977 

.757 

25.8 

.977 

.763 

22.1 

.975 

.755 

22.8 

.978 

.790 

25.4 

.976 

.760 

2L2 

.977 

.804 

25.7 

.976 

.772 

26.7 

.980 

.780 

27.0 

.970 

.762 

27  0 

,472 

.877 

26.0 

!540 

.440 

87.0 

.975 

.790 

80.0 

.488 

.848 

.976 

.870 

g 


88.2 
86.5 
81.1 
8L2 
89.9 
8a6 
40.0 
84.7 
89.8 
32.2 
87.4 
86.6 
88.3 
86.2 
84.0 
84.8 
37.0 
20.6 


Stress  -when 

piece  begun  to 

atretch. 


Si 

S" 


U 

as* 


Poundi 
22.250 
21,000 
22.000 
22,000 
23,150 
22,800 
21,825 
23,000 
22,050 
21,950 
22.225 
24.000 
28.000 
5,850 
9,675 
25,600 
8,675 
84,000 


Pottndi 
20,678 
28.011 
29.345 
29.845 
30.640 
80,412 
28.562 
30,600 
29.475 
29.278 
29,705 
31. 817 
81,128 
33.428 
42, 249 
84.288 
57,565 
45.442 


Breftklng'itrew. 


II 


Pounds 
41,150 
41,450 
41.500 
41,700 
41,150 
41,600 
88,675 
41,630 
41,400 
41,300 
41,550 
41,850 
41,425 

9,875 
13,075 
44,000 

8,950 
58,850 


Pounda 

54,888 
55,286 
56.355 
55,622 
54.800 
55.488 
51,800 
65,418 
55,333 
55.887 
55,532 
55,482 
56.190 
66.428 
57.096 
58,068 
69,888 
71,300 


••a 

S3 


54.0 
51.0 
53.0 
62.7 
66.2 
54.8 
55.1 
55.2 
58.8 
62.4 
53.5 
57.8 
55.4 
69.0 
77.0 
58.2 
97.0 
63.7 


Slight 

Do. 
Bad 

Slight 


Do. 
Do. 


"Sob.  13  and  18  of  the  preceding  table  are  reproduced  in  the  following 
illustration — 
Fig.  1  being  No.  18  of  the  table,  and  Fig.  2,  No.  13. 
In  Fig.  1,  the  length,  a  by  was  3^' ;  diameter,  o  o,  .976^^ 
In  Fig.  2,  the  length,  a  &,  was  3'';  diameter,  o  o,  .97(F^ 
The  pieces  were  nearly  the  same  in  dimensions,  yet  the  stress  at  which 
"So.  13  broke,  reduced  to  the  square  inch,  was  over  15,000  pounds  less 
than  that  required  to  break  No.  18.    This  difference  would  be  very  great 
in  estimating  the  entire  strength  of  the  bar  from  the  results  of  the  two 
pieces.    Were  those  from  No.  18  correct,  the  bar  would  be  equal  to  a 
strain  of  one  hundred  tons,  while  No.  13  shows  that  less  than  seventy-nine 
tons  would  tear  it  asunder. 

Before  proceeding  to  discuss  tibe  tabulation  of  other  results,  obtained 
by  other  comparative  tests,  it  will  be  In  order  to  examine  the  two 
drawing,  and  see  if  the  reason  for  these  differing  results  is  not  evident, 
and  if  it  cannot  be  plainly  shown  that  the  cylindrical  form  is  correct, 
while  that  of  the  groove  is  not  so. 
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XieH-^Undtn    umi  l»  tnuhnal  tesU, 


COBBXCr  FORIC 


IKCOBSXCT  FORM. 


Pig.  1.— No.  la  Pig.  2.— No.  13. 

[Photographed  from  iron  E.     Kos.  18  and  13  of  preceding  table.] 
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Beginning  with  Fig.  1,  if  the  stress  at  which  this  specimen  was  broken, 
were  assamed  to  be  an  equivalent  to  that  possessed  by  a  piece  of  the 
iron,  whose  diameter  and  area  were  sach  as  the  measurements  give,  viz, 
diameter,  .976  of  an  inch,  with  corresponding  area  at  the  least  section, 
there  exists  no  reason  why  a  prolongation  of  this  section  to  a  short  cylin- 
der should  tend  to  lower  its  strength. 

This  prolongation  could  be  produced  by  simply  turning  away  the 
shoulders  as  c  and  b  8  e^  leaving  thus  a  cylinder,  as  shown  by  the  heavy 
dotted  line  a  b ;  and  if  the  narrow  section  received  no  support  from  the 
shoulders,  there  is  no  reason  that  the  piece  represented  by  Fig.  1  should 
possess  more  strength  at  this  narrow  area  than  that  shown  in  Fig.  2, 
whose  dimensions  are  nearly  the  same,  less  the  shoulders;  yet  practically 
the  first  withstood  a  stress  over  14,000  pounds  greater  than  the  other. 
An  inspection  of  the  drawings  shows  the  cause.  The  stress  which  pro- 
duces  rupture,  tends  to  draw  the  fibers  of  the  iron  adjacent  to  the  point 
of  rupture,  together  laterally,  until  just  before  rupture  takes  place,  the 
piece  consists  of  two  truncated  cones,  joined  at  their  narrowest  sections 
or  apices.  This  convergence  takes  place  with  all  metals,  but  is  barely 
perceptible  with  those  whose  texture  resembles  that  of  cast  iron,  is 
characterized  by  a  long,  gradual  taper,  extending  to  some  distance  from 
the  point  of  rupture  in  soft,  ductile  irons,  and  is  abrupt  and  at  times 
excessive,  in  material  of  the  nature  of  low  steel. 

When  the  grooved  form  of  test-piece  is  used,  the  tendency  of  that 
portion  of  the  metal  adjacent  to  the  least  area  to  converge  is  checked  by 
the  immediately  increasing  areas,  and  thus  the  stress  at  which  this  area 
yields,  is  equal  in  its  own  strength  plus,  a  portion  of  that  which  the  cylin- 
der, at  its  largest  area,  possesses. 

The  light  dotted  lines  in  Fig;  2  (which  have  also  been  reproduced  in 
Fig.  1)  represent  the  appearance  of  No.  13  of  the  table  after  rupture; 
and  a  close  examination  reveals  that  even  with  this  piece,  thelength  has 
not  been  sufficient  to  permit  an  interruption  to  the  process  of  contrac- 
tion and  convergeuce  of  the  fibers,  there  being  at  the  point  where  the 
tapering  line  is  received  by  the  clamping  head  of  the  specimen,  evidence 
that  had  the  cylinder  been  longer,  the  point  where  the  lines  of  taper 
would  have  merged  into  the  original  parallel  lines  would  have  been  some 
distance  beyond  the  junction  of  the  head  and  the  cylinder,  the  head  thus, 
to  a  certain  extent,  acting  in  the  same  manner  as  did  the  sides  of  the 
groove  in  Fig.  1,  and  thus  increasing  slightly  the  powers  of  rehistance. 

By  the  table  we  see  that  this  piece  (No.  13)  did  give  higher  results 
than  those  which  were  longer ;  the  average  tensile  strength  developed  by 
Nos.  2,  3,  4,  6,  9, 10, 11,  and  12,  being  55,4Sd  pounds  per  square  inch, 
while  No.  13  gives  56,190  pounds,  an  excess  of  751  pounds,  thus  suggest- 
ing that  the  length  of  this  piece,  viz,  three  inclies^  was  not  sufficient  to 
insure  correct  results. 

No.  12  gives  a  result  much  closer  to  the  averages,  as  do  Nos.  11  and  10. 

Assuming  that  the  proper  length  should  be  a  certain  percentage  of 
the  diameter,  we  find  No.  13,  which  is  less  than  four  diameters  in  length, 
is  not  long  enough;  No.  12, of  about  four  diameters,  gives  connect  results. 

It  was  considered  that  the  data  obtained  by  this  experiment  would 
possess  more  value,  if  we  were  sure  that  the  differences  in  results,  were 
in  aU  cases  due  to  differences  in  length,  and  not  in  any,  to  possible  dif- 
ferences in  the  characteristics  of  the  iron,  at  the  points  where  the  test- 
pieces  were  cut  from  the  bars. 

It  was,  of  course,  impossible  to  test  the  same  piece  by  both  methods 
and  thus  obtain  certainty ;  but  it  was  possible  to  eliminate,  to  a  great 
extent,  errors  which  might  arise  from  this  cause,  by  the  preparation  of  a 
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set  of  test-pieces  varying  in  length,  but  from  between  each  pair  of  which 
others  should  be  cut  which  should  be  of  uniform  dimensions. 

From  a  bar  l^^  of  an  inch  in  diameter,  of  the  same  iron,  another  set 
of  test-pieces  was  therefore  prepared  in  this  manner,  nine  of  nearly  uni- 
form proportions,  being  alternated  with  nine  others,  of  which  the  length 
successively  decreased.  The  pieces  were  cut  from  the  bars  as  numbered, 
'No.  -2  having  been  adjacent  to  No.  1,  &c. 

In  a  few  cases  seams  were  encountered,  which  forced  us  to  reduce  the 
diameter  below  that  of  pieces  in  which  none  occurred. 

7  T  M 
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The  first  six  of  the  test-pieces  were  carefully  tested  for  the  elastic 
limit;  with  the  following  results : 

No.  1.  No  perceptible  change  at  26,695  pounds  per  square  inch;  at 
26,795  pounds  elongated  .005'',  and  reduced  .004''. 

No.  2.  No  change  at  27,994  pounds;  at  28,194  pounds  elongated  .030", 
and  reduced  .002". 

No.  3.  At  28,062  pounds  elongated  .002",  and  reduced  .003". 

No.  4.  At  28,275  pounds  elongated  .032",  and  redilced  .002". 

No.  5.  At  27.208  pounds  elongated  .003",  and  reduced  .001". 

No.  6.  At  27^820  pounds  elongated  .015",  and  reduced  .003". 

The  stress  which  produced  the  first  perceptible  stretch  with  the  above 
pieces  wa«  upon  an  average  of  27,539  x)ounds,  while  the  average  of  the 
elastic  limit,  by  careful  test,  was  26,058  pounds,  thus  differing  but  1,481 
pounds. 

Analysis  of  this  table  shows  that  the  bar  throughout  its  length  was 
of  very  uniform  strength ;  the  extreme  diflference  between  any  two  of 
the  pieces  of  uniform  length  being  but  758  pounds  per  square  inch,  and 
the  average  of  the  nine  (52,395  pounds)  being  very  close  to  each  indi- 
vidual result. 

No  marked  difference,  due  evidently  to  the  proportions  of  the  test- 
piece  alone,  is  observable  with  the  pieces  which  varied  in  length,  until 
No.  17,  which  was  bat  one-half  inch  long,  was  reached.  At  this  point 
the  difference  between  it  and  the  uniform  pieces  on  each  side  of  it  is 
about  5,000  pounds  per  square  inch. 

Thus  we  obtained  but  little  additional  information  a«  to  the  tensile 
strength,  but  in  the  matter  of  elastic  limit  we  gain  points  of  interest. 
We  find  that  in  the  two  ends  of  the  bar  there  was  in  this  respect  con- 
siderable difference.  Nos.  2,  4,  6,  8, 10,  and  12,  all  pieces  of  uniform 
length,  gave  an  elastic  limit  of  26,485  pounds  per  square  inch,  none 
varying  greatly,  such  variations  as  existed  indicating  that  the  end  from 
which  No.  1  was  cut  had  a  lower  limit  than  the  other,  No.  2  developing 
28,000  pounds,  and  No.  12,  28,800,  the  increase,  however,  on  the  inter- 
mediate numbers  being  irregular.  Nos.  14, 10,  and  18,  however,  ranged 
from  31,800  to  33,580,  averaging  32,353  pounds. 

The  first  six  pieces  which  varied  in  length,  viz,  Nos.  1,  3,  5,  7,  9,  and 
11,  gave  an  elastic  limit  of  27,980  pounds,  differing  thus  but  a  little  fix)m 
that  developed  by  the  uniform  pieces. 

At  Na.  13,  as  at  14,  a  rise  in  the  elastic  limit  was  noticeable,  but  in 
only  one  case  (No.  17)  was  the  variation  suflBcient  to  indicate  that  the 
shortness  of  the  specimen  had  an  influence.  The  ratios  between  the 
elastic  limit  and  the  ultimate  strength  increased  both  with  the  uniform 
test-pieces  and  those  varying  in  length,  and  thus  the  results  indicate 
that  at  that  portion  of  the  bar  there  was  a  slight  change  in  its  character. 

It  was  considered  that  it  wasi>ossible  that  the  bar  having  been  rolled 
in  midwinter,  in  a  cold  climate,  the  difference  of  the  temperature  which 
probably  existed  between  that  at  the  end  of  the  bar  farthest  from  the 
rolls  and  the  one  nearest  to  them,  and  in  which  the  two  ends  were  cooled 
at  different  degrees  of  rapidity,  might  have  affected  an  iron  so  fine  in  its 
nature.  Subsequent  experiments,  however,  on  iron  which  it  was  known 
had  been  so  exposed  failed  to  detect  any  marked  difference  between  the 
two  ends  of  the  bars  that  could  be  surely  attributed  to  this  cause. 

This  experiment  was  as  follows :  At  the  time  of  rolling  the  bars  of  iron 
F,  second  lot,  the  temperature  in  the  open  air  was  below  30©;  the  bars 
were  rolled  about  40  feet  long;  the  ends  which  passed  first  into  the  rolls 
were,  while  the  bars  were  cooling,  about  3  feet  from  a  raised  door,  and  the 
temperature  of  this  point  was  about  31°;  the  inner  ends  of  the  bar  were 
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cooled  in  a  temperature  of  60^  or  65^.  It  was  thought  possible  that  the 
difference  iu  temperature  in  which  the  two  ends  cooled  might  produce 
some  effect^  hence  a  piece  from  each  end  of  each  bar  was  tested,  three 
tests  upon  each  piece.  The  record  is  given  in  detail  in  the  record  of 
bars ;  here  it  is  but  necessary  to  give  the  results,  which  so  far  as  this 
question  is  concerned  decided  nothing  positively. 

Elaatic  limit  and  tensile  strength  of  ths  two  ends  of  hara  of  iron  F  cooled  in^  temperatures  of 

2XP  to  65°  Fahrenkeii,  respectively. 
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If  the  results  obtained  indicate  more  than  accidental  variations,  it  is 
that  the  limit  of  elasticity  was  higher  in  the  end  slowly  cooled,  and  that 
the  tensile  strength  was  somewhat  lower. 

The  reduced  area  and  per  cent,  of  elongation  are  compared  at  the  ten- 
sile limitj  the  pieces  having  been  finally  broken  by  different  methods. 

So  far  as  their  evidence  can  be  considered  valuable,  it  indicates  tiliat 
the  end  which  was  slowly  cooled  was  generally  more  dttctile  than  the  end 
which  cooled  rapidly. 

If  on  future  experiments  results  are  found  which  confirm  those  ob- 
tained by  this  set,  they  will  have  a  new  value^  as  it  is,  they  are  not  to 
be  perfectly  depended  upon  as  deciding  anythiQg. 

The  experiments  up  to  this  point  having  established  to  our  satisfac- 
tion that  in  order  to  procure  correct  resulti  it  was  requisite  that  a  test- 
l)iece  should  be  not  less  than  four  times  its  diameter  in  length,  the 
question  now  arose  whether  variations  in  this  ba>sis,  the  diameter,  would 
produce  important  differences  in  results.  To  solve  this,  two  sets  of  test- 
pieces  were  prepared  from  a  bar  of  IJ''  iron  K,  in  this  manner : 

One  set  consisted  of  seven  pieces,  the  first  one  of  which  was  4/'  in 
length  and  V  in  diameter;  each  successive  piece  was  reduced  to  a  diam- 
eter less  than  that  of  its  predecessor  by  .1'',  and  the  length  cut  equal 
to  four  times  the  diameter,  ^o.  7  thus  being  of  A"  diameter  and  nearly 
1''.6  in  length. 

The  other  set  consisted  also  of  seven  pieces,  of  which  No.  1  was  of  the 
same  dimensions  as  ^o.  1  of  the  first  set;  the  remainder  of  the  pieces 
were  made  successively  decreasing  in  diameter  as  in  the  first  case,  but 
the  length  remained  the  same  throughout,  viz,  4^',  except  in  case  of  "No, 
7,  which  was,  through  accident,  a  trifle  shorter.  The  two  sets  were  cut 
from  the  bar  in  the  following  order:  No.  1  of  first  set,  No.  1  of  second, 
No.  2  of  first,  No.  2  of  second,  &c.;  thus  the  same  number  in  both  tables 
indicates  adjacent  portions  of  the  bar. 
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The  results  of  the  tests  are  given  in  the  following  tables: 

ExperimenU  No.  133  to  147. 
Material,  Iron  K  ;  Diameter  of  Bar,  1}'^ 

FIRST  SET. 

[Test  of  seven  pieoeSf  snooessively  decreasing  in  length  and  diameter,  each  piece  being  (approximately) 

four  diameMvs  long.] 
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1 
2 
3 

4 
6 
6 
7 


Length  in 
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3.20 
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8.04 
2.52 
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I 


g 


4S 

a 

s 

S3 

P4 


27.4 
28.0 
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28.0 
27.8 
30.0 
28.0 
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L004 
.000 
.800 
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.625 
.554 
.470 
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40.0 
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began  to  stretch. 


I 

•8 


s 


Pounda. 
21,850 
19,000 
15, 152 
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27,850 
22,225 
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53,688 
55,023 
54,800 
56,138 
55,448 
56^809 
59,514 
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51.5 
54.3 
55.4 
54.0 
58.8 
65.7 
8&0 


*  Probably  an  error. 

SECOin)  SET. 
(2)  [Test-pieces  constant  in  length  (4"),  diameter  diminishing  by  ^',  test-pieces  from  same  bar.] 
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22.099 

29,051 

42,826 

63.461 

8.98 

5.06 

27.1 
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.707 

38.  0 
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31,765 

35,000 

54,902 

3.98 
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27.0 

.800 

.600 

43.7 

14,552 

28,040 

27,175 

54,067 

3.98 

4.97 

25.0 

.705 

.544 

40.5 

11,650 

29,849 

21, 225 

M,38l 

8.97 

5.00 

20.0 

.601 

.458 

41.9 

9,600 

33,851 

15, 625 

55,095 

8.95 

fi.00 

2&6 

.500 

.881 

42.0 

6,100 

31, 075 

10, 725 

54,636 

8.66 

4.47 

22.^ 

.403 

.295 

46.4 

4,400 

84,500 

6,775 

53,137 

54.4 
58.0 
53.5 
55.0 
61.4 
56.8 
65.0 


A  8i>ecimen  from  the  same  bar  was  also  carefully  tested  for  the  elastic 
limit,  which  was  found  to  bo  at  28,664  pounds  per  square  inch,  at  which 
stress  it  had  permanently  elongated  £K>m  3^^649  to  3^^575,  and  had  re- 
duced in  diameter  from  .977''  to  .675'',  the  elongation  before  the  relax- 
ation of  the  stress  being  .003"  and  the  reduction  of  diameter  .002" 
greater. 

Analysis  of  the  results  in  the  first  set  shows  that  as  the  dimensions  of 
the  test-piece  decreaised,  there  was  a  constant  increase  in  the  elastic 
limit  and  an  irregular  increase  of  the  tensile  strength,  which  must  have 
been  due  either  to  the  decreasing  length,  decreasing  diameter,  or  to 
changes  in  the  character  of  the  materisd. 

The  second  set  of  test-pieces,  through  some  inexplicable  cause,  proved 
very  irregular^  in  comparison  with  the  others  cut  fi*om  the  same  bar,  so 
much  so  that  their  record  is  of  no  great  value  in  an  investigation-where 
so  much  deduction  dex>ends  upon  very  slight  facts.  The  largest  and 
smallest  pieces  were  more  alike  in  their  tensile  strength  than  were  auy 
of  the  intermediate  sizes. 

The  elastic  limit  rose  irregularly  as  the  diameter  decreased,  showing 
a  gain  of  about  5,000  pounds  between  the  extremes. 

It  was  thought  advisable  to  search  further  and  see  if  this  would  always 
prove  the  case.  Four  other  test-pieces  were  prepared  from  a  2"  bar  of 
iron  P,  two  of  which  were  made  as  large  as  we  could  break  with  safety, 
and  the  others  as  small  a-s  could  be  trusted  for  accurate  results.  They 
were  testc^l  with  results  which  did  not  confirm  the  action  of  the  previous 
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Bet  as  regards  the  clastic  limit,  as  with  these  the  larger  pieces  developed 
slightly  higher  elastic  limit  thau  the  SDiall  oues,  but  fully  confirmed  the 
results  as  to  the  smaller  test-piece  indicatiug  the  greater  tensile  strength. 

Experiments  Xos,  148  to  152. 
MateriaLi  Iron  P;  Diameter  of  Bar  2". 

[Teat-pieces  of  different  diameters  oad  of  length  eqoal  to  six  diameters.] 
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20 

20 

28| 
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Lbi. 
07,460 
67,630 
68,000 
68,800 


£te. 

49.543 
49,404 
40.924 
49.820 


The  difference  in  results  obtained  is  not  so  great  as  to  be  of  value, 
were  it  not  that  what  little  there  is,  confirms  the  views  already  expressed 
that  in  obtaining  the  tensile  strength,  we  are  liable  to  rate  that  of  a  large 
bar  at  too  high  a  figure  if  we  depend  upon  the  results  obtained  from  a 
test-piece  which  represents  the  character  of  the  eore  and  not  that  of  the 
entire  bar,  the  iron  being  strongest  at  the  centre. 

The  ditf'erence  in  tensile  strength  is  more  marked  at  the  ^^ensile  limit" 
than  at  fracture,  at  which  point  the  smaller  test-piece  not  only  showed 
greater  strength,  but  also  greater  elongation  and  reduction  of  area. 

All  of  the  tests  in  this  investigation  having  been  made  upon  iron  with 
rjonsiderable  tensile  strength,  it  was  thought  advisable  to  make  one 
more  experiment  with  a  bar  of  very  soft  and  ductile  iron. 

A  2"  bar  was  selected,  which,  although  of  low  tensile  strength,  was 
very  tough  and  ductile. 

From  this  nine  test- pieces  werfe  turned  of  lengths  firom  8''  down  to  the 
groove  form,  each  successive  piece  being  nearly  1''  shorter  than  its  pre- 
decessor, and  all  being  of  nearly  uniform  diameter.  They  were  tested 
with  the  following  results: 

Experiments  Nos.  153  to  162. 
[To  deteimine  necessary  proportions  with  very  soft  iron  (D),\ 
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The  results  indicate  that  witli  iron  of  this  character  a  length  equal  to 
four  diameters  is  not  quite  sufficient  to  insure  accurate  results. 

No.  5j  which  was  nearly  four  diameters  in  length,  gave  a  tensile 
strength  greater  by  689  pounds  per  square  inch  tiian  was  developed 
by  Nos.  1,  2,  3,  and  4,  which  were  very  uniform,  Ko.  4  being  five  diame- 
ters in  length  and  Umg  enotigh,  No.  6,  of  three  diameters,  gave  still 
higher  results,  which  were  not  subsequently  increa-sed  as  the  length 
lessened  until  the  groove  form  was  reached,  when  there  was  a  sudden 
rise  of  over  13,000  pounds,  a  difference  equal  to  33  per  cent,  of  the 
actual  strength. 

Finally,  our  results  lead  us  to  the  conclusion,  that  in  testing  iron, 
no  test-piece  should  be  of  less  than  y  diameter,  as  inaccuracy  is  more 
probable  with  a  small  than  with  a  large  piece,  and  the  errors  are  more 
increased  by  reduction  to  the  square  inch^  that  the  length  should  not 
be  less  than  four  times  the  diameter  in  any  case,  and  that  with  soft, 
ductile  metal  five  or  six  diameters  would  be  preferable. 

These  rules  hold  good  in  testing  steel  also,  as  may  be  seen  by  the 
appended  results,  wluch  have  been  submitted  by  the  committee,  of  tests 
miude  upon  Bessemer  steel,  which  results  are  confirmed  by  those  obtained 
by  Ck>lonel  Wilmot  at  the  Woolwich  Arsenal,  made  also  upon  Bessemer 
steel,  which  we  quote,  as  follows: 

PonndB 
per  square  inch. 

Material,  Bessemer  steel;  test- pieces  of  one  square  inch 
area. 

By  groove  form:  Highest  tensile  strength 162,974 

Lowest  tensile  stren^h 136,490 

Average  tensile  strength 153,677 

By  cylinder:         Highest  tensile  strength 123,165 

Lowest  tensile  strength • 103,255 

Average  tensile  strength 114,460 

The  grooved  thus  exceeding  the  cylinder  form  32  to  34  per  cent. 
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OOMPABATIVE  STRENGTH  OF  BABS  IN  THEIB  NORMAL  CONDITION  AND 
AS  REDUCED  BY  TURNINa  AWAY  THE  SKIN  AND  ADJACENT  IRON. 

A  few  tests  were  made  by  tension  for  the  double  purpose  of  ascertain- 
ing if  the  stren^^  per  square  inch  of  iron  bars,  with  or  without  the  skin, 
would  prove  the  same,  and  to  compare  the  results  obtained  by  the  two 
testing-machines  A  and  B. 

The  first  series  was  made  upon  a  number  of  bars  of  our  most  uniform 
iron,  one  which  had  received  very  thorough  work.  The  detailed  history 
of  these  tests  is  given  in  the  '^  Eecord  of  bars,"  fix)m  which  an  abstract 
will  be  here  inserted,  which  will  show  simply  their  relative  strength  as 
tested  by  test-pieces  which  were  reduced  to  various,  extents,  and  by 
others  which  were'not  so  reduced. 

Compariaou  of  ttrength  of  hara  tested  by  tension  in  their  normal  oondition,  as  slightly  rcducedy 

and  as  reduced  to  cylinders. 

laOlTF. 
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In. 
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2 

I 
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BKCOIID  LOT. 


strength  per  square  inch. 


not  re* 
dnoed. 


Pounds. 
52,819 
52, 2G7 
62.620 
52,537 
51,456 
50,970 
49,738 
49,061 
47,569 


Bars  rednced 
sii^hUy. 


Pounds. 
52,810 
51,675 
51,049 
50,403 
50,709 
40,605 
50,201 
49,682 
48,170 


Bars  rednoed 
to  oylinders. 


Pounds. 
51,380 
50,317 
50,087 
40,444 
40,628 
49,642 
49,483 
48,754 
47,774 


THIBDLOT. 


Strength  per  square  inch. 


Bars  not  re- 
dnced. 


Pounds. 
51,921 
50.149 
52,729 
52,839 
50,820 
50,529 
50,457 
40,744 
47,872 
48,505 
47,344 


Bars  rodnoed 
slightly. 


Pounds, 


49,164 
48. 475 


Bars  rednced 
to  oylinders. 


Pounds. 
51,128 
50.530 
'  49,801 
48.819 
51,838 
49,144 
4H.702 
40.  370 
48.  280 
40,  290 
47, 428 
46,446 
47, 761 
47,  014 
47,000 
46, 007 
40, 322 


Which  results,  being  grouped,  show  that  in  the  second  lot,  in  which 
there  were  nine  comparative  tests — 

The  rough  bar  exceeded  the  turned  in  strength  in  seven  cases. 

The  rough  bar  exceeded  the  cylinder  in  strength  in  eight  cases. 

The  turned  bar  exceeded  the  rough  in  strength  in  two  eases. 

The  turned  bar  exceeded  the  cylinder  in  strength  in  eight  cases. 

By  the  eleven  comparative  tests  of  rough  bars  with  cylinders  of  the 
third  lot — 

The  rough  exceeded  the  cylinder  in  six  cases. 

The  turned  bar  exceeded  the  rough  in  two  cases. 

It  will  be  noticed  that  the  preponderance  of  the  cases  where  the  strength 
of  the  reduced  bars  exceeded  that  of  the  rough  ones,  occurred  with  the 
bars  of  great  diameter,  that  with  one  exception,  the  strength  of  the 
bars  of  less  than  2"  diameter,  as  shown  by  the  test  of  the  cylinder, 
was  less  than  that  shown  by  test  of  entire  bars,  and  that  in  case  of  the 
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2'',  2J",  and  2J''  the  reverse  waa  the  case.  This  may  indicate  that  the 
core  of  these  larger  bars  was  less  heated  in  the  furnace  than  the  rest  of 
the  bar,  hence  retained  more  strength. 

A  number  of  tests  in  the  same  connection  were  made  upon  bars  of 
other  irons,  with  results  as  follows : 

CoMoUdation  of  reaulta  from  226  UtU  hv  tention  upon  iesUpieoes,  with  and  wWumt  BkiUy 
showing  preponderance  of  airength  in  favor  of  We  bar  in  normal  condition, 

TBSTING-MACHINE  A. 
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In  case  of  the  i"  bars  of  iron  0,  of  whicli  the  turned  so  greatly 
exceeded  the  rough  in  strength,  there  is  some  reason  to  saspect  that 
a  piece  of  the  bar  of  iron  K  was,  by  mistake,  substituted  for  that  of  C. 
In  the  case  of  iron  K,  where  the  turned  exceeded  the  rough  bar,  the 
threads  of  the  latter  stripped. 

The  evidence  accumulated  indicates  that  the  strength  of  the  skin  of 
the  bar  is  greater  in  proportion  to  its  area  than  that  of  the  rest  of  the 
bar. 

In  making  the  foregoing  tests,  we  find  that  in  sixteen  comparative 
tests  of  small  bars  by  testing-machine  B,  and  in  thirty  comparative  tests 
upon  larger  bars  by  testing-machine  A,  making  forty-six  in  all,  in  thir- 
teen cases  of  the  former  and  twenty  of  the  latter,  thirty -three,  or  over 
72  per  cent,  of  the  excess  of  strength,  occurred  with  bars  in  their  normal 
condition. 

With  iron  F,  which  was  so  uniform  in  its  structure  that  any  peculiarity 
which  manifested  itself  by  any  particular  test  seemed  to  indicate  a  pos- 
sible law,  we  find  that,  with  the  bars  which  received  the  most  work,  viz, 
from  1"  to  1|",  inclusive,  the  rough  bars  were  stronger  than  the  turned ; 
above  1|"  the  more  slightly  worked  sizes  reversed  the  proportion.  If 
this  result  can  be  accepted  as  indicative,  it  would  be  wise  in  estimating 
the  entire  strength  of  a  large  bar  by  the  data  afforded  by  the  test  of  a 
cylinder  turned  from  its  center  to,  as  has  already  been  said,  consider  it 
probable  that  an  overestimate  would  be  made ;  for  instance,  the  strength 
of  the  2i"  bar  was  by  actual  test  192,861  pounds  of  the  entire  bar,  by 
test  of  turned  bar  195,481  pounds,  by  test  of  cylinder  195,981  pounds, 
showing  a  possible  overestimate  of  3,120  pounds  by  use  of  a  cylinder 
turned  from  the  core. 


SECTION  IV. 

ELEVATION  OF  THE  LIMIT   OF  STRESS. 

A  PAPER  DESGBIBINa  A  SERIES  OF  EXPERIMENTS  TO  DETERMINE 
FACTS  IN  BEGARD  TO  THE  OPERATION  OF  THE  LAW  CALLED  THE 
ELEVATION  OF  THE  LIMIT  OF  STRESS. 

The  discovery  that  wrought  iron,  after  having  been  subjected  to  a 
steady  stress  up  to  the  point  of  its  ultimate  strength,  would,  if  then 
released  from  stress  and  permitted  to  rest,  experience  an  elevation  in 
hoth.  its  elastic  and  tensile  limit,  was  made  by  Prof.  Robert  H.  Thurston 
in  November,  1873,  and  by  the  chairmen  of  these  committees  a  short 
time  afterward  while  carrying  on  an  investigation  by  tension.  Professor 
Thurston  having  made  his  discovery  by  torsion  t^ests ;  the  discoveries 
were  entirely  independent,  neither  experimenter  having  any  knowledge 
of  the  other's  work. 

As  at  the  beginning  of  the  series  of  tests  incorporated  in  this  report, 
but  little  data  had  been  obtained  as  to  the  operation  of  this  new  law,  it 
was  thought  worth  while  to,  while  making  investigations  in  regard  to 
chain  iron,  utilize  at  slight  expense  many  of  the  test-pieces,  in  investi- 
gating its  action.  By  bringing  a  test-piece  to  the  tensile  limit  all  data 
as  to  its  strength  is  obtained;  and  by  carrying  the  test  to  rupture,  we 
gain  simply  Uie  dimensions  after  rupture,  and  means  to  reduce  the 
strength,  &c ,  to  those  measurements. 

We  therefore  released  a  number  of  test-pieces  from  stress  when  the 
tensile  limit  was  reached,  and,  preserving  them  for  various  periods, 
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eventually  broke  them,  with  results  as  given  in  the  following  paper,  from 
which  the  following  abstracts  bearing  upon  this  phenomena  are  taken, 
and  in  addition  the  results  of  a  few  experiments,  which  are  not  incorpo- 
rated in  the  records  of  bar  tests,  attention  having  been  paid  only  to  the 
elevation  of  strength. 

It  seems  proper  that  the  record  of  the  first  exx>eriment,  during  which 
this  phenomena  was  ever  noticed  as  taking  place  upon  iron  subjected 
to  tension  J  should  be  given  here,  although,  except  tliat  it  records  the  dis- 
covery of  the  law,  the  data  has  but  little  value  when  compared  with 
some  of  the  later  more  carefully  made  experiments. 

Prof.  Spencer  F.  Baird,  to  whom  the  experimenter  furnished  a  copy 
of  the  record,  considered  the  discovery  of  importance,  as  did  Professor 
Henry,  and  tne  former  sent  it  to  the  Journal  of  the  Franklin  Institute, 
which  issued  it  in  the  following  editorial  in  its  issue  of  March,  1874. 

[Editorial] 
INCREASE  OF  RESISTINO  POWER  OF  METAUB  UNDER  STRESS. 

In  oar  issne of  December  lost,  p.  374,  we  annoanced  the  discovery,  made  a  few  weeks 
earlier — ^at  the  time  of  the  meetinf(  of  the  National  Academy  of  Science  at  the  Stevens 
Institute  of  Technology — ^by  Prof.  R.  H.  Thurston,  of  a  gain  in  power  of  resistance 
in  metals  lefb  under  stress  during  periods  varying  from  one  to  several  days. 

The  formal  announcement  of  this  remarkable  and  important  phenomenon  was  made 
to  the  American  Society  of  Civil  Engineers  in  November,  and  appeared  simultaneously 
in  the  transactions  of  that  society  and  in  this  journal. 

We  have  lately  received,  through  the  kindness  of  Professor  Baird,  a  memorandum 
relating  to  experiments  made  January  ^  and  23, 1874,  by  Commander  Beardslee,  which 
exhibit  a  similar  action. 

The  experiment  of  Professor  Thurston  were  made  with  his  "  autographic  testing- 
machine  ''  *  upon  a  variety  of  metals ;  those  now  presented  were  made  by  the  ordinary 
form  of  tensile  lever  macnine. 

This  memorandum  is  as  foUows : 

Test  of  Blo(nn  iron,  turned  to  the  diameter  T^the  (nearly)  =z^sqiuure  inch  eectian.  January, 

1874. 

"Lever  ceased  to  rise  at  24,300  pounds.  It  was  then  balanced  by  deducting  1,225 
pounds,  and  left,  with  a  balancing  strain  of  23,075  pounds,  from  2  p.  m.,  January  27, 
till  7  a.m.,  January  28,  when  it  woe  found  that  the  lever  had  raised,  and  it  took  125 
pounds  to  rebalance  it. 

'*The  strain  was  then  put  on  gently,  and  the  lever  continued  to  rise  until  it  reached 
28,250  ^undSj  when  it  ceased  to  rise  and  sank.  We  balanced  the  lever  at  this  point  by 
deducting  2,150  pounds  strain. 

*'Limit  of  £.,  27th,  24,300;  balanced  at  23,075  pounds. 

"Limit  of  £.,  28th,  28,250;  balanced  at  26,100  pounds." 

In  Professor  Thnrston's  note  to  the  American  Society  of  Civil  Engineers,  he  states 
the  increase  of  resisting  power  noted  at  a  maximum  of  25  per  cent,  in  twenty-four 
hours. 

The  increase  observed  in  the  specimens  just  referred  to  is  100  (26,100—23,075)  -f- 
23,075  =  13.1  per  cent,  in  seventeen  hours. 

The  interest  and  importance  attaching  to  the  discovery  of  these  facts  to  the  engin- 
eering profession,  as  well  as  to  science,  make  it  eminently  desirable  that  still  further 
researches  should  be  made  on  the  effect  of  prolonged  stress,  compression  as  well  as 
tensional,  and  with  every  variety  of  material. 

We  would  call  particular  attention  to  the  fact  that  the  action  here  noted  is  not 
merely  a  negative  one,  as  observed  by  the  original  discoverer,  but  is  apparently  not 
only  an  increase  of  power  of  resistance,  but  an  actual,  positive  increased  molecular 
effort,  as  is  shown  by  the  rise  of  the  lever  during  the  period  of  rest  in  Commander 
Beardslee's  experiment. 

*  Jounial  of  the  Franklin  Institate.    April,  1873. 
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The  same  editorial  makes  reference  to  the  discovery  of  the  law  by 
Professor  Thurston,  as  follows  : 

A.  Note  ox  the  Resistancb  of  Materials. — By  Prof.  Robert  H.  Thurston. — 
The  following  is  the  text  of  the  comtnunication  of  Professor  Thnrston  to  the  Ameri-  . 
can  Society  of  Civil  Engineers,  on  the  subject  of  certain  unexpected  results  mani- 
fested by  metals  onder  strain,  to  which  reference  was  made  in  the  Journal  (Vol.  Ixvi, 
p.  374).     For  the  copy  we  are  indebted  to  the  author. 

''  On  the  13th  ultimo,  an  apparatus  for  determining  the  torsional  resistance  of  ma- 
terials, which  I  had  designed  for  use  in  illustration  of  my  course  of  instruction,  and 
to  which  I  had  fitted  an  automatic  recording  attachment,  was  exhibited  to  the  Na- 
tional Academy  of  Science,  at  the  late  session  held  at  this  place,  for  the  purpose  of 
showing  the  peculiar  adaptability  of  the  machine  for  the  determination  and  analysis 
of  the  action  of  physical  and  molecular  forces  in  resisting  stress,  and  to  illustrate 
the  bearing  of  experiments  already  made  npon  scientific  investigations  of  molecular 
relation. 

"At  the  close  of  the  meeting,  a  test  piece  of  wronght-iron  was  lefb  in  the  machine, 
exposed  to  a  strain  which  had  passed  tne  limit  of  elasticity,  and  with  a  distortion  of 
45  degrees,  the  intention  being  to  determine  whether,  as  has  been  suspected  by  some 
writers  and  bv  many  engineers,  Viscosity'  is  a  i>roperty  of  solids;  whether  a  fiow  of 
'solids'*  could  occur  under  long-continued  strain  just  equilibrating,  when  first  ap- 
plied the  resisting  power  of  the  material,  or  whether  the  'polarity'  oi  Professor  Henry 
IS  an  absolutely  unrelaxing  force. 

**  The  metal  was  loft  under  strain  twenty-four  hours,  and  had  not  then  yielded  in  the 
slightest  degree.  This  result  and  the  results  of  other  similar  experiments  since  made 
confirming  it,  indicate  that  metal  strained  far  beyond  the  limit  of  elasticity,  as  above 
described,  does  not  lose  its  power  of  resisting  unintermitted  static  stress. 

"The  important  bearing  of  this  fs^t  upon  the  availability  of  iron,  and  of  steel, 
which  also  behaves  similarly,  for  use  in  constructions  exposed  to  severe  strains,  is 
readily  seen. 

''After  noting  the  result  obtained  as  stated,  it  was  attempted  to  still  further  dis- 
tort the  test-piece,  when  the  unexpected  discovery  was  made  that  its  resisting  power 
was  greater  than  when  left  the  previous  day,  an  Increase  resistance  being  recorded 
amounting  to  about  25  per  cent,  of  the  maximum  register  the  preceding  day,  and  ap- 
proximating closely  to  the  ultimate  resistance  of  the  material.  Repeated  experi- 
ments continued  up  to  the  date  of  writing  confirm  the  following  previously  nndem- 
onstrated  principle:  That  iron  and  steel,  if  strained  beyond  the  limit  of  elasticity, 
and  left  under  the  action  of  the  distorting  force  which  has  been  found  just  capable 
of  equilibrating  their  power  of  resistance,  gain  resisting  power  to  a  degree  which  has 
a  limit  in  amount  approximating  closel;^,  if  not  coinciding  with,  the  tntimate  resist- 
ance of  the  material,  and  which  has  a  limit  as  to  time  in  experiments  hitherto  made, 
of  three  or  four  days. 

"  Releasing  the  piece  entirely  and  a^ain  submitting  it  to  the  same  force  immedi- 
ately does  not  produce  this  strengthening  action. 

"  There  is  some  evidence,  that  is  confirmed  by  theoretical  dynamic  principles,  that 
the  increase  of  strength  noted  is  not  accompanied  by  a  change  of  resilience,  but  that 
the  gain  of  resisting  power  is  at  the  expense  of  a  proportional  amount  of  ductility. 

"  rhe  diagrams  oocained  during  this  research  wi}l  oe  presented  at  a  future  time, 
when  the  investigation  shall  have  been  completed. 

'*  The  int/crest  and  importance  attaching  to  the  discovering  of  the  principles  above 
enunciated,  to  our  profession,  as  well  as  to  science,  will,  I  hope,  justify  the  presenta- 
tion of  this  note." 

It  will  be  noticed  that  the  results  of  the  experiments  to  be  given  con- 
firm the  views  of  Professor  Thurston  as  to  the  decrease  of  ductility  of 
the  material,  but  some  of  them  indicate  that  although  the  increase  of 
resistance  may  not  begin  "  immediately,''  yet  that  a  very  trifling  inter- 
val of  time  elapses  before  it  can  be  noticed. 

The  foregoing  papers  have  been  reproduced  here,  because  they  give 
about  all  that  was  known  on  this  subject  at  the  date  when  these  ex- 
periments were  begun. 

It  is  proper  that  it  should  be  stated  that  as  on  no  future  occasion  was 
the  lever  found  to  have  raised  during  the  period  of  rest,  tiie  assertion 

•Mon.  H.  Treflca;  Sar  I'Eooiiloinent  des  Corps  Solides.    Paris,  18(»-'72. 
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that  it  SO  acted,  daring  the  origmal  test,  was  in  all  probabUity  based  on 
some  error. 

During  a  few  of  the  earlier  experiments  no  exact  record  of  the  period 
of  rest  was  preserved. 

The  following  test-pieces  were  upon  one  day  strained  to  the  tensile 
limit,  and  at  some  time  during  the  next  day  broken,  with  the  results  as 
follows: 

Ko.l.  Gontractchain,2^^bar;  gain  per  square  inch  by  rest,  3,337  pounds 
=6.6  per  cent. 

Ko.  2.  Contract  chain,  1^'^  bar ;  gain  per  square  inch  by  rest,  2,238 
pounds=4.4  per  cent. 

No.  3.  Contract  chain,  ly^  bar }  gain  per  square  inch  by  rest,  7,506 
pounds=15.1  per  cent. 

No.  4.  Contract  chain,  1^"  bar;  gain  i>er  square  inch  by  rest,  8,560 
pound8=17.0  per  cent. 

No.  5.  Iron  D,  2"  bar;  gain  per  square  inch  by  rest,  6,931  pound8= 
14.8  per  cent  (bar  test  No.  430). 

No.  6.  Iron  D,  1|"  bar;  gain  per  square  inch  by  rest,  7,395  poundss= 
15.8  per  cent,  (bar  test  No.  432). 

No.  7.  Iron  D,  If"  bar ;  gain  per  square  inch  by  rest,  7,873  pounds=: 
16.7  per  cent,  (bar  test  No.  434). 

No.  8.  Iron  D,  1|"  bar;  gain  per  square  inch  by  rest,  8,606  pound8= 
16.7  per  cent,  (bar  test  No.  436). 

No.  9.  Iron  D,  IJ"  bar ;  gain  per  square  inch  by  rest,  6,881  pounds= 
14.0  per  cent,  (bar  test  No.  438). 

No.  10.  Iron  D,  l^J^"  bar;  gain  per  square  inch  by  rest,  8,306  pounds= 
16.5  per  cent,  (bar  test  No.  440). 

No.  11.  Iron  K,  IJ" ;  gain  per  square  inch,  4,203  pounds=8.2  per  cent. 

No.  12.  Iron  K,  1";  gain  per  square  inch,  5,040  pound8=8.8  per  cent. 

Nos.  1  and  2  were  of  ordinary  coarse  chain  iron,  No.  5  of  a  remarkably 
brittle  bar  of  iron  D,  of  which  photograph  is  given  in  this  report 
(Plate  X). 

Nos.  11  and  12  were  of  a  fine,  strong  iron,  with  considerable  carbon, 
breaking  with  a  steel-like  fracture;  the  remainder  were  all  from  tough, 
fibrous  iron.  The  indications  were  that  the  latter  type  of  iron  gained 
the  most  by  the  rest.  While  testing  the  foregoing  pieces,  the  stress 
which  produced  the  first  i)erceptible  elongation  (about  .002")  was  ob- 
served, and  on  the  first  test  this  stress  was  from  61  to  70,  averaging 
about  65  per  cent,  of  the  ultimate  strength.  Upon  testing  them  tlie 
second  time  the  stress  which  produced  first  stretch  was  nearly  identical 
with  the  ultimate  strength. 

At  the  instant  that  the  specimen  ceased  to  resist  an  increase  of  strain, 
the  reduction  of  area,  and  elongation  were  measured,  and  the  amount 
of  changes  of  form  which  had  then  taken  place  bore  the  following  ratios 
to  the  entire  change,  produced  by  tension  carried  to  rupture,  viz:  In 
reduction  of  area,  51  to  70,  averaging  59  per  cent. ;  in  percentage  of 
elongation,  73  to  88,  averaging  79  per  cent. 

The  foregoing  tests  were,  with  the  exception  of  those  made  upon  iron 
D,  not  incorporated  in  the  records  of  tension  tests  upon  bars,  attention 
being  paid  during  their  tests  to  the  subject  under  investigation  alone. 

Iron  F,  having  been  selected  as  suitable  material,  a  series  of  tests  were 
made  in  this  connection,  which  are  probably  as  free  from  erroneous  re- 
sults due  to  want  of  uniformity  in  the  material,  as  it  would  be  practical 
to  procure. 

Pieces  were  strained  to  tensile  limit  and  released  from  strain,  and 
periods  of  rest  varying  from  one  minute  to  six  months  allowed. 
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The  results  are  arranged  in  the  following  table,  in  sequence,  begining 
at  the  shortest  period  between  tests.  The  test  numbers  are  of  those 
which  were  recorded  in  the  records  of  tension  tests  upon  bars: 

Elevation  of  the  limit  of  stress. 

Expoximents  TSc%.  18  to  60.    Material,  iron  F.    Interrala  of  rest  after  sirainfl,  vaiying  from  one  mixmto 

to  Biz  months. 


Test  No. 


I 


676 
661 
665 
668 


660 
562 
564 
666 

668 


660 
656 

664 

607 
676 
673 
674 
675 

vn 

666 


656 

657 
flSG 
671 
672 
705 
706 
707 
708 
700 
710 
711 
712 
716 
710 
722 
725 


18 

14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
80 
31 
82 
33 
84 
85 
86 
37 
88 
30 
40 
41 
42 
43 
44 
45 
46 
47 
48 


40 

1; 

50 

51 

52 

53 

1 

54 

'  55 

1 

56 

2 

57 

2 

58 

2 

50 

3 

i 

I 

CO 


U 
1 

u 

ll. 
1 


1] 

1{ 

ij 
1 

U 

1 

i( 

i] 

ij 

i| 

ij 

]( 

2 

it 

U 
li 

iJ 

]j 
11 
1 


Strength  in  pounds  per 
square  inch. 


First  test 


60,825 
48,800 
40,877 
48,024 
40,865 
48,345 
48,858 
48,458 
48,484 
48,401 
48,206 
50,257 
50,013 
60,840 
40,705 
51,154 
51,235 
50,342 
61,536 
40,035 
61,536 
40. 175 
40,267 
50,143 
40, 2C6 
40,438 
48,537 
48, 507 
48,853 
60,015 
50,474 
60.178 
50,165 
40,676 
40,8G7 
51, 128 
50,530 
40. 101 
48, 810 
51,838 
40, 144 
48,702 
40, 370 
40. 2ri0 
47,871 
40, 702 
47.655 


Second  test. 


61,851 
40, 110 
50,614 
40, 637 
60,388 
40,003 
60,210 
51,862 
61,546 
61,561 
61,006 
52,886 
62,572 
55,037 
55,448 
55,041 
55,050 
58,044 
60,631 
68,251 
60,631 
57,635 
58,040 
58,136 
57,263 
57,001 
64,655 
57, 081 
57,443 
60, 047 
50,864 
58,814 
64,748 
69,184 
65,040 
60,002 
50,626 
57,877 
56,885 
57,188 
68,188 
57,403 
58,880 
58,020 
58.970 
54,458 
57,250 


1  minute. . 
...do  . ...« 

3  minutes. 

...do 

..do 

1  hour .... 

2  hours  . . . 
8  hours  . . . 

4  hours  . . . 

5  hours  . . . 

6  hours  . . . 

7  houra . . . 

8  hours . . . 

Iday 

...do 

...do   .... 

..  do 

...do 

3  days 

do 

— do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 

8  days  .... 

...  do 

18  days  . . . 

..  do 

...do 

25  days  . . . 
42  days  . . . 
6  months.. 

...do 

...do 

...do 

...do  . .... 

...do 

...do 

...do 

..  do 

...do 

.. .do  . .... 
...do 


Gain  in  strength. 


Pounds 
per  sq.  in. 


626 
801 
787 
613 
623 
648 
861 
1,003 
2,062 
2,160 
2,790 
2,620 
2,550 
4,697 
6,743 
4,787 
4,715 
2,702 
0,095 
8,316 
0,005 
8,460 
8, 782 
7,003 
7,097 
8.553 
6,124 
8,484 
8,590 
0,032 
0,390 
8,136 
4,584 
9,508 
6.082 
0,774 
0,096 
8,776 
8,066 
5,350 
9,034 
8,611 
0,510 
8,770 
11, 050 
7,756 
0,5i5 


Per  cent 


1.0 

0.6 

1.5 

1.3 

1.0 

1.3 

1.7 

3.8 

4.2 

4.3 

5.6 

6.0 

5.0 

9.2 

11.5 

9.3 

9.2 

5.3 

17.6 

17.0 

17.6 

17.2 

17.8 

15.9 

16.2 

17.8 

12.6 

17.5 

17.6 

l&O 

1&6 

16.1 

9.0 

10.1 

12.2 

10.1 

18.0 

17.8 

16.6 

10.8 

18.3 

17.2 

10.4 

17.7 

22.6 

16.6 

20.0 


Batio  of  change  of 
form  at  teusile 
limit  to  that  at 
fracture. 


Reduct'n 
of  area. 


F«r  etnt. 
51 
44 
60 
46 
51 
56 
56 


50 
56 
52 
54 
50 
49 
50 
62 
50 
53 
58 
49 
56 
52 
54 
50 
51 
50 
61 
53 
51 
65 
66 
57 
56 
54 
57 
51 
52 
65 
47 
52 
49 
52 
53 
53 
51 
42 


Elonga- 
tion. 


Percent 
71 
78 
73 
67 
79 
80 
85 


85 
83 
82 
80 
80 
75 
75 
80 
70 
74 
80 
85 
76 
75 
80 
77 
70 
67 
86 
76 
83 
83 
88 
94 
79 
93 
84 
80 
70 
70 
75 
78 
05 
78 
70 
83 
78 


£ 

go 

CO-* 


-s 


p. 

S. 
M. 

F. 
S. 
S. 
S. 
8. 
S. 
S. 

s. 

S. 

s. 

M. 
M. 

M. 
M. 
M. 

S. 
S. 
S. 
S. 
P. 
S. 
S. 
S. 

p. 

M. 
M. 
M. 

S. 

s. 
p. 

M. 

P. 
S. 
S. 
M. 

S. 

s. 
s. 
p. 

s. 
s. 
s. 
s. 
s. 


Abitraet  from  detail  qf  tetta. 

Average  gain  in  less  than  1  hour 1.1  per  cent.  (  5  test^) 

Average  gain  in  less  than  8  and  over  1  hour 3.8percent.  (  8  tests) 

Average  gain  in  1  day 8.0  per  cent.  (  5to8tA) 

Average  gain  in  3  days 16.2  per  cent.  (10  t^sts) 

Average  gain  in  8  days 17.8perctfDt.  (  2  tcstH) 

Average  gain  in  over  8  and  less  than  42  days 15. 8  por  cent.  (  5tc8t6) 

Average  gain  in  6months 17.9  per  cent.  (12  tests) 

47  tests. 

Nothing  is  determined  positively  by  this  series  of  tests  as  regards  the 
action  of  this  law  as  affecting  the  ductility,  for  although  the  iron  was 
probably  of  as  uniform  a  structure  as  it  is  possible  to  produce  with  a  set 
of  bars  of  various  diameters^  yet  there  were  differences  in  their  charac- 
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teristics,  as  fonod  by  various  tests,  which  would  probably  affect  some 
of  the  minor  results  in  this  series.    Judged  by  the  change  of  form  alone, 
it  would  seem  that  the  ductility  of  the  material  was  slightly  lessened  by 
the  rest,  and  perhaps  it  was. 
But  the  reduction  of  area  of  the  same  iron  as  shown — 

By  23  test-pieces,  broken  by  a  single  continued  strain,  was 47.5  per  cent. 

By   5  test-pieces,  broken  after  rests  of  1  to  3  minntes 48.5  per  cent. 

By   8  test-pieces,  broken  after  rests  of  1  to  8  hours 47.2  per  oent. 

By   5  test-pieces,  broken  after  rests  of  1  day 46.5  per  cent. 

By  12  test-pieces,  broken  after  rests  of  3  to  8  days 44.5  percent. 

By  17  test-pieces,  broken  after  rests  of  1 8  days  to  6  months 43. 1  per  cent. 

and  an  examination  of  the  records  of  those  broken  by  the  single  con- 
tinued strain  reveals  that  there  were  with  these,  variations  in  r^uction 
of  area,  quite  as  great  as  those  which  in  this  series  seem  to  indicate  that 
an  increase  of  the  period  of  rest  lessens  the  ductility. 

The  elongation  was  irregular ;  that  of  those  broken  at  first  stress  and 
of  those  after  six  months'  rest  coinciding  at  29  per  cent.,  while  interme* 
diates  varied  from  27.5  per  cent,  to  30  per  cent. 

Sob.  20  and  21  of  the  series  were  not  broken  upon  the  second  test^ 
but  at  the  fall  of  the  lever  were  removed  from  the  machine,  and  restea 
for  six  days,  when  they  were  broken;  Ko.  20  reaching  an  ultimate  stress 
of  55,809  pounds  per  square  inch,  a  total  gain  of  12.8  per  cent.,  and  Ko. 
21  reaching  56,314  pounds,  a  gain  of  13.7  per  cent 

Bedtiction  of  strength  between  the  ultimate  reached^  and  breaking  point 

!No&  18, 19,  22,  23,  24,  and  25  were,  after  reaching  the  tensile  limit, 
on  the  second  test,  still  further  tested,  thus :  The  lever  having  fallen, 
weights  were  removed  until  a  balance  took  place,  which  balance  was 
maintained  by  removal  of  weights  while  the  crank  was  turned  without 
cessation  but  slowly,  and  the  specimens  finally  ruptured  at  strains  con- 
siderably less  than  the  original  strength,  thus : 


Number. 


18. 
19. 
22. 
23. 
24. 
25. 


Total. 


Orifi^nl 
strength. 


Pounds. 
49,345 
49,358 
40.401 
49,206 
50,257 
50,013 


Strenf^h  at 
rapture. 


Poundt. 
42, 952 
43,049 
42,271 
42,364 
42, 914 
43, 121 


JLaNSO* 


Pounds. 


6,393 
6,309 
7,130 
6,842 
7,343 
6,892 


6,818 


Per 
cent. 


12.9 
12.9 
14.4 
18.9 
14.5 
14.2 


13.8 


Percentage  ofcha/nge  of  form  at  tensile  limit^  to  that  at  fracture. 

At  tensile  limit  the  average  reduction  of  area  which  had  taken  place 
was  equal  to  53  per  cent,  of  that  at  rupture,  and  the  average  percentage 
of  elongation  was  80  per  cent. 

The  average  of  the  same  percentages  upon  the  twenty-three  pieces 
broken  by  single  continued  strain  was,  of  reduction  of  area,  49  per  cent., 
of  elongation,  78  percent. ;  from  which  averages  we  deduce  that  at  the 
instant  of  ceasing  to  resist  an  increase  of  stress,  the  reduction  of  area 
which  has  taken  place  is  about  one-half  and  of  elongation  a  little  over 
three-quarters^  of  that  which  will  have  occurred  if  the  metal  be  further 
strained  to  rupture.  This  we  believe  will  not  prove  true  if  the  metal  is 
ruptured  by  a  sudden  strain,  by  the  action  of  which  the  fractured  dimen- 
sions will  nearly  coincide  with  those  which  would  have  existed  at  tensile 
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limit  bad  the  piece  been  broken  by  steady  strains;  tbis  was  indicated 
by  tbe  results  of  an  experiment  with  an  apparatus  which  we  devised,  by 
which  we  were  enabled  to  apply  sudden  strains  to  the  specimen. 

By  means  of  a  pair  of  spring  clamps,  a  holder  was  attached  to  the 
upper  and  lower  clamps  of  the  dynamometer,  and  the  stress  produced  by 
turning  the  crank,  or  some  indefinite  portion  of  it,  we  accumulated  in 
the  legs  of  this  holder,  and  at  will  transferred  suddenly  to  the  speci- 
men. The  machine  was  imperfect,  its  use  involved  risk  of  iujur^^  to  the 
dynamometer,  and  we  made  bat  one  test  with  it,  which  was  as  follows: 

Comparison  of  effect  of  steady  and  sudden  strains  upon  cliange  of  form. 

Two  specimens  of  nearly  the  same  dimensions  were  turned  from  irouE : 

No.  1  having  diameter  .565'^  length  2", 21. 

No.  2  having  diameter  .565'','  length  2''.25. 

No.  1  was  broken  by  steady  tension,  and  at  tensile  limit  its  diameter 
was  .498''  5  length,  2".80.  No.  2  was  broken  by  a  series  of  jerks,  and 
its  ruptured  dimensions  were,  diameter,  .406" ;  length,  2".87,  the  rupt- 
ured dimensions  of  No.  1  being,  diameter,  407" ;  length,  3".00. 

Comparison  of  elevation  of  limit  of  stress^  upon  irons  of  differing  charac- 
teristics. 

The  first  series  of  experiments  (Nos.  1  to  12)  gave  indications  that  the 
operation  of  the  law  was  less  felt  by  coarse  and  brittle  irons,  and  by 
those  of  a  steely  structure,  than  by  those  of  a  more  fibrous,  ductile 
texture.'  This  was  considered  to  be  a  point  worthy  of  careful  examina- 
tion, and  a  series  of  comparative  experiments  was  made  upon  test- 
pieces  composed  of  the  three  varieties  of  iron.  Thirteen  pieces  were 
prepared,  five  of  which  were  of  soft  charcoal  bloom  boiler  iron,  five  of 
coarse  contract  chain  iron,  and  three  of  a  fine-gi*ained  bar  of  iron  K,  a 
very  pure  inm  with  high  tenacity.  These  pieces  were  all  made  of  uni- 
form proportions,  and  were  tested  to  tensile  limit  upon  the  same  day. 
They  were  then  allowed  to  rest  eighteen  hours  and  again  tested.  Some 
were  broken  at  this  second  test,  others  released  from  stress  at  tensile 
limit  and  further  tested  after  varying  periods  of  rest,  as  per  following 
table: 

EXPERIMENTS  Nos.  00  to  62. 
Effed  of  uniform,  rest  upon  irons  of  widely  different  cJuiracter. 

Tost-pieoes  rested  18  honrs. 


Knmber  and  marks. 


80,  boiler  iron 

61 

62 

63 

64 

C5,  oontmct  chain 

W 

07 

C8 

09  

70,  IronK 

71 

72 


Utilmato  strength.  ,  Gain  in  strength. 


Pmmds. 
48,600 
49.800 
40,800 
48,100 
48,150 
50,200 
50,250 
50,700 
49,000 
51,200 
(S8,800 
59,000 
66,400 


• 


Poundt, 
56,600 
57, 000 
58,000 

'"54,400 
55,560 
54,000 
53,200 
55,300 
62,900 
52,800 
64,500 
65,800 
60,600 


4 


7,900 
7,200 
9,200 
6,300 
7,400 
8,800 
2,950 
4,600 
3,300 
1,600 
6.700 
0,800 
4,200 


16.0 

1&4 

18.4 

13.1 

15.0 

7.5 

5.8 

9.0 

6.0 

3.2 

0.0 

11.5 

7.3 


Remarks. 


Not  broken. 
Broken  


1 


Broken I  Avemge  gain  15.8  per 

Broken ( 

Broken j 

Broken 

Not  broken. 
Not  broken . .  } 
Not  broken. 
Not  broken. 

Broken 

Broken  


cent. 


Average  gain  6.4 
cent. 


per 


?  Average  gain  0.4  per 


Broken ) 


c      cent. 


8tm 
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These  experiments  confirmed  the  opinion  already  fonned,  and  indi- 
cate that  a  bridge,  cable,  or  other  structure  composed  of  iron  of  either 
of  the  latter  two  varieties  will  receive  comparatively  slight  benefit  from 
the  operation  of  this  law,  while  ductile,  fibrous  metal,  which  possesses 
greater  inherent  power  to  resist  sudden  strains  than  does  the  iron  of 
(joarser  nature,  although  the  latter  may  be  better  able  to  resist  ste;idy 
stress,  gains  in  this  latter  power  to  a  greater  extent  by  the  cflect  of 
strains  akeady  withstood. 

Supplemental  tests  of  Nos.  60,  66^  67,  68,  and  60  of  foregoing  test-pieces. 

No.  60,  after  having  been  strained  to  the  tensile  limit  the  second 
time,  was  released  from  stress  and  retested  after  one  yearns  rest,  when 
its  ultimate  strength  was  found  to  be  59,500  pounds,  a  total  gain  of  22 
per  cent,  upon  the  original  strength. 

No.  06  was  rested  for  7  hours,  41  hours,  and  24  hours,  and  after  each 
rest  repulled  to  the  tensile  limit,  with  results  as  iollows  (the  first  two 
tests  being  included  for  ready  comparison):  Strength,  first  strain, 
50,250  pounds;  rested  18  hours,  strength  53,200  pounds;  rested  7 
hours,  strength  54,700  pounds ;  rested  41  hours,  strength 54,500  pounds; 
rested  24  hours,  strength  54,000  pounds. 

No.  67.  First  strain,  strength  50,700  pounds ;  rested  18  hours, 
strength  55,300  pounds ;  rested  7  hours,  strength  53,150  pounds ;  rested 
41  hours,  strength  56,600  i)ounds*,  rested  24  hours,  strength  54,000 
I)Ounds. 

No.  68.  First  strain,  strength  49,600  jiounds ;  rested  18  hours, 
strength  52,900  pounds;  rested  8  hours,  stn-ngth  51,000  pounds;  rested 
16  hours,  strength  54,800  i)Ounds;  rested  24  hours,  strength  53,000 
pounds. 

No.  69.  First  strain,  strength  51,200  pounds;  rested  18  hours, 
strength  52,800  pounds;  rested  8  hours,  strength  54,9u0  pounds;  rested 
16  hours,  strength  52,750  pounds;  rested  24  hours,  strength  51,750 
I)ounds. 

The  four  jiieccs  were  broken  at  the  strains  last  given. 

Experiments  with  tico  sets  of  testpieccSj  one  set  cut  from  bars  in  their  nor- 
mal condition,  the  other  from  same  bars  after  the  latter  had  been  pulled 
asunder  by  tension. 

Nineteen  bars  of  various  irons  were  selected,  and  from  each  a  cylin- 
drical test-piece  was  prepared;  the  bars  were  then  fitted  with  heads 
and  pulled  asunder.  Another  set  of  cyhnders  was  prepai*ed  by  cutting 
the  necessary  length  irom  one  of  the  broken  ends,  about  six  inches 
from  the  point  of  rupture.  Both  sets  of  cylinilers  were  tested,  with 
results  as  per  following  table,  showing  a  great  gain  in  strength  in  all 
cases  when  the  material  could  be  classed  as  wrought  iron,  but  none 
when  it  was  steel.  Hence  we  infer  that  excess  of  carbon  deprives  iron 
of  the  power  to  gain  strength  through  the  action  of  this  law. 
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EXPERIMEKTS  Nos.  73  to  94. 

Comparison  ofairength  of  two  eels  of  tesUpieces^  the  first  of  which  was  cut  from  bars  in  their 
nortnal  condition,  and  the  second  from  the  same  bars,  after  the  latter  had  been  pulled  in 
two. 


o 

^ 

^ 

Stress  reqaired  to  break  the  test- 
pieces. 

Stren  jcth  of  second  set  over  first. 

a- 

0 

1 

1 

First  sot 

Second  set. 

Founds. 

Per  cent. 

// 

Pounds. 

Pounds. 

78 

li: 

K. 

53, 520 

72,  700 

19,180 

85.8 

74 

'P 

K. 

53,020 

71.800 

17,880 

83  1 

75 

C. 

47. 875 

63,500 

15.685 

32.7 

76 

1 

C. 

48.000 

65.000 

16.400 

33.7 

77 

1 

C. 

66.000 

73.000 

17,000 

30.3 

78 

l| 

C. 

52,000 

67,900 

15,900 

30.6 

79 

^^i 

C. 

45,800 

03.300 

17,500 

36.0 

80 

1  1 

B. 

51,000 

72,000 

20.100 

38.7 

81 

1  I 
1 

B. 

53.600 

68.700 

15,  ino 

28.1 

82 

J. 

50.  :i50 

68.400 

18.050 

35.8 

83 

II 

J. 

50.400 

67,700 

17,300 

34.3 

84 

F. 

50,180 

66.400 

16.220 

32.3 

85 

H 

F. 

50,400 

67.200 

16.S00 

33.8 

86 

U 

£. 

50,080 

68,000 

17, 020 

35.7 

87 

n 

E. 

50,100 

70.100 

20,000 

30.9 

88 

if 

L. 

58.390 

60.200 

10.  810 

18.6 

89 

L. 

50.290 

67,100 

7,870 

13.2 

90 

L. 

75  233 

76,600 

91 

L. 

84,800 
74,  COO 
60,  500 
60,800 

9-2 

L. 

72,600 

93 

L. 

94 

L. 

"""73,966' 

5,250 

7.9 

The  test-pieces  from  iTos.  73  to  89,  inclusive,  were  made  from  ordinary 
commercial  bar  iron  of  various  degrees  of  ductility.  All  show  a  re- 
markably great  gain  in  strength,  .caused  by  the  tension  upon  the  entire 
bars. 

The  interval  of  time  between  the  two  sets  of  tests  was  not  noted,  but 
it  was  several  dsiys. 

There  is  no  marked  difference  in  the  amount  of  elevation,  except  upon 
the  test- pieces  made  from  L,  which  was  a  weld  steel,  although  sent  to 
us  as  chain  iron.  With  this  metal  the  results  were  exceedingly  irregu- 
lar, and  it  was  thought  advisable  to  make  a  few  careful  tests  upon  it. 
Four  pieces  were  therefore  prepared  from  a  bar  of  f  diameter,  which 
were  tested  to  the  tensile  limit,  then  rested  for  one  hour,  one  day,  one 
week,  and  one  month,  respectively,  when  they  were  retested  with  results 
as  follows: 

Experiments  Nos.  95  to  98,  inclusive.    Material,  tveld  steel. 


Original 
dimeDslons. 

Strength  at— 

1 

a 

s 

J25 

§ 

S 

i 

t 

1 

In. 

In. 

Pounds. 

Pounds. 

95 

.500 

2.25 

59,078 

58,619 

90 

.500 

2.25 

68,560 

57,805 

97 

.496 

2.25 

59, 000 

50,653 

9< 

.501 

2.25 

59,850 

61,694 

Period  of  rest. 


One  boor.. 
One  day . . . 
One  week . 
One  month 


Gain  in 

strength. 

4i 

4 

h 

3 

O 

^ 

^ 

—    459 

■    «  •  • 

—    764 

•  w  «  • 

+    653 

1 

+1,834 

3 
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The  entire  series  of  tests  by  tension  npon  this  metal  indicates  snch 
irregularity  in  its  strength  that  the  foregoing  tests  do  not  x>osses8  a 
positive  value,  but  they  indicate  that  there  is  a  great  diflference  between 
the  action  of  weld  steel  and  even  steely  irons,  still  greater  between  it 
and  fibrous  iron  when  examined  in  reference  to  the  action  of  this  law. 
We  obtain  no  positive  evidence  that  any  increase  of  strength  is  caused 
in  steel  by  rest  after  strain. 

MISCELLANEOUS  EXPEBIMENTS. 

We  had  found  that  in  one  minute  of  rest  there  was  an  appreciable 
gain;  it  was  determined  to  ascertain  still  more  closely  how  quickly  this 
law  would  begin  to  operate ;  also  how  often  it  could  be  expected  to  act 
between  the  points  of  ultimate  strength  and  rupture,  hoping  that  the 
results  would  furnish  data  by  which  the  effect  of  repeated  alternations 
of  strains  and  rests  might  be  judged.  To  this  end  a  number  of  test- 
pieces  were  strained  to  tensile  limit,  the  weights  then  removed,  no 
addition  being  made  to  the  stress  until  a  balance  took  place;  the  dimen- 
sions were  measured  at  the  instant  of  balance  and  the  stress  at  balance 
recorded ;  the  strain  was  then  reapplied,  the  lever  first  rising  and  then 
falling.    The  operation  was  repeated,  with  results  as  follows: 

EXPERIMENT  No.  1. 
Toet-pieoe,  inmL;  |";  diameter,  .690^';  longth,  2".  80. 


Istlialaace  .. 

Ist  clovation . 

2d  balance  .. 

2d  elevation. 

3d  balance  .. 

8d  elevation. 

4th  balance  .. 

4th  elevation . 

5th  balance  .. 

5th  elevation . 

6th  balance  . . 

6th  elevation . 

7th  balance  . . 

7th  elevation . 

8tli  balance  .. 

8th  elcf ation . 

0th  balance  .. 

9th  elevation . 
10th  balance  .. 
10th  elevation . 
11th  balance  . . 
11th  elevation . 


Pound9. 
25,280 


stress  atr— > 


I 


Founds. 


25,225 


25,050 
25,'o66' 


24,025 
24,825 


24,650 
24,'425 


24,250 
24,'2o6 


24,250 
24,140 


0$ 


24,400 


24,620 
24,475 


24,400 
Lost .. 


24,000 
24,000 


23,050 
23,850 


23,800 
23,750 


Dimensions. 


I 


a 


In.      In. 
'."608.  3.' 24 


.502  I  3.27 


.585  I  8.275 


.580     3.28 


.664 


.560 
.'555 


.653 


.570     3.31 


.566     3.312 


3.32 

3.325 
1; 


3.38 


3.35 


12th  balance . . 
12th  rlevation 
13th  balance . . 
13th  elevation 
14th  balance .. 
14th  elevation 
15th  balance . . 
151  h  elevation 
16th  balance . . 
16th  elevation 
17th  balance . . 
17th  elevation 
18th  balance . . 
18th  elevation 
10th  balance . . 
10th  elevation 
20tli  balance . . 
20tb  elevation 
21  St  bjdance . . 
21st  elevation 
22d  balance . . 
Broke 


Stress  at— 


ii 

> 

Hi 


Potmdt. 


24,000 
23,066 


23,840 
23,766 


23,660 
23.456 


28,180 
'23,666 


22,760 
22,666 
'22,866' 


i 

3 


Poundt. 
23,700 


23,580 
23,450 


23,850 
23,256 


23,050 
'22.066 


22,650 
22,875 


22,126 
22,666 


Dimensions. 


h 

« 

• 

-s 

5 

s 

SP 

g 

J 

In. 

.648 


547 
'545' 


.537 


.530 
.'525' 


.617 
'.'612 


.610 


.608 
.600 


In. 
3.35 


8.35 


3.36 


&d65 
8.87* 
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EXPEKIMEKT  No.  2. 
Te0t-piooe,iroiiL;  f";  diameter,  .724";  length,  2''.78. 


IttbalAnoe  .. 
l»t  elevation. 
2d  balance . . 
2d  elevation. 
3d  balance  .. 
3d  elevation. 
4th  balance . . 
4th  elevation 
5th  balance . . 
5th  elevation 
6th  balance . . 
6th  elevation 
7th  balance.. 


Streasat— 


g 
3 


Poundn. 
26^375 


26,300 
26,125 


25,950 
25,"  746' 


25,525 
'25,'i75 


i 


Poundt. 


25,525 
'26,'456 
'25,'806 


25,075 
'25,060" 


24,700 
'24»'46o' 


IHrnenaions. 


9 


In. 


.630 

'.'624' 

".*6i2' 


.604 
'.*598' 


.590 

".'mo" 


i 


In. 


3.18 
3.*  19' 
3"2i" 


a  25 


7th  elevation  . 
8th  balance  — 
8th  elevation  . , 

9th  balance 

9th  elevation  . . 

10th  balance 

10th  elevation... 

UthbalnDOo 

11th  elevation  .. 

12th  balance 

12th  elevation.. 
13th  balance  — 
Broke 


Stress  at — 


3 
I 

.3 


Pmmdt. 
24,  MO 


I 


24,620 
'24,240 
'23,866 
"23,' 625 
'28,250 
'22,'966 


Pounds. 
'24,125' 
"23,"  756' 
'  '23,'875' 
"23,'i66' 
'22,900 
"22,' 556' 


Dimensions. 


B 
a 


In. 


.572 
.'502 


.555 

'.'sis' 


.540 


.535 
.605 


a 

2 


In. 


3.28 
'3.' 30 


3.32 


EXPERIMENT  No.  8. 
Test-piece,  iron  L ;  i"i  diameter,  .806'';  length,  8". 


Stress  at— 

Dimensions. 

Stress  at -< 

Dimensions. 

1 

t 

• 

1 

5 

d 
^ 

g 

a 

i 
1 

1 
1 

d 

Pounds. 
31,600 

POUT^. 

In. 

In. 

6th  balance ..... 

Pounds. 

Pounds. 
30, 275 

In. 
.670 

In. 
8.74 

1st  balance 

30,850 

.  699     S.  70 

6th  eldvation 

7th  balance  - . .  -r 

30,960 

Ist  elevation 

81,375 

30,050 

.605 

XiOat. 

2d  balance 

80, 740 

.606 

7th  elevation 

fif.h  hnlATinp    

80,810 

2d  elevation ....... 

81,320 

30,000 

.663 

3.76 

3d  balance  ........ 

80,675 

.692 

8.73 

'    8th  elevation 

0th  balance 

30,625 

8d  eleva' ion. ...... 

81,325 

29,900 

4th  balance  ........ 

30,650 

.685 

9th  elevation — 
10th  balance .  ... 

80,600 

4th  ^evation 

81,200 

29, 775 

.050 

8.78 

5th  balance 

80,400 

• 

.679 

10th  elevation 

Broke  

30,350 
26,700 

5th  elevation 

81,120 

.542 

3.92 

EXPERIMENT  No.  4. 
Test>piece,  IronK;  diameter,  .976'';  length,  3".08. 


Ist  balance  .. 
Ist  elevation. 
2a  balance  .. 
2d  elevation. 
3d  balance  . 
3d  elevation. 
4th  balance . . 
4th  elevation 
6th  badanee . . 


Stress  at— 


I 


Pounds. 

41,550 


S 


41,500 
"4i,*436 
'4i,'866 

'ii'ooo 


Pounds. 

"'40*466" 
46,'466' 
46,"266 
30,' 966" 
39,'766' 


Dimensions. 


I 

a 
s 


In. 


.868 


.857 


.850 
'.*846" 


In. 


a86 


3.89 


3.93 


3.95 


5th  elevation 
6th  balance  . 
6th  elevation. 
7tb  balr.nce . . 
7lhelovati(in. 
8t1i  bnlance  ■ . 
8th  elevation. 
0th  balance . . 
Bioke  ....... 


Stress  at— 


i 


Pounds. 
40,850 


40,450 
'46,666" 


38,600 
'34,' 266" 


i 

a 


Dimensions. 


I 

9 


Pounds.    In. 


89,575 


89,460 
"88,'675 
'35, 266 


to 


In. 
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EXPERIMENT  No.  5. 
Teat-piece,  iron  F ;  diameter,  .  800'' ;  length,  3".50. 


StreMftt- 


»4 

2 


s 

s 

I 


32,200 
32,175 


PoundM 
1  32,275 

1st  balance !  

Ist  elevation 

2d   balance 

2d   elevation 

3d  balance 

3d   elfvalion 32,100 

4th  balance | 

4th  elevation 32,000 

5!  h  balance I 

5th  elevation 32.050 

6tli  balance 

6th  elevation 

7tli  baliiuce    

7th  elevation 

8t  h  balance 

8th  elevation 

9th  balance 

9th  elevation j  31, 475 

lot  h  balance 

]  Ot  h  elevation I  31, 375 

11th  balance ; 

nth  elevation 31,125 


Pounds 


31,500 
31,450 


31, 470 


32,000 
31,820 
31,750 


31,150 


31,150 


31,300 

31,  ioo 


Dimensiona. 


a 


a 

2 


In.      In. 


30,900 
30,850 
30.966 
30,' 700 


786     4.26 


784 


.  775    

.772    '4.36 


.767 


.7C4 


.760 
.'•756 
.752 


.740 


4.32 


4.34 


12th  balance 

12th  elevation 

13th  balance 

KJth  elevation 

14 1  h  balance 

141  h  elevation 

15th  balance    

)  51  h  eh«  vat  ion j  30, 300 

IGili  Inilunc-.' 


Dimenaiona. 


S 
.2 
Q 


31,000 
86,825 
36,576 


30,000 


mth  elevation 

17th  balance 

17iheh  vatiou 29,840 

18th  balance j 

iSlhckvuiiou 29,600 

10th  balance I. 

lOlh  elevation.... 

20th  balance 

20th  elevation 

2lMt  balance 

21  Ht  elevation 

22<1   balance 

Bi-oke 


29,325 
29,066 
28,700 
28,325 


28,000 


a 


Pounds 
30,300 

1 
In. 
.732 

In. 
4.36 

30,300 

^  .728 

30, 217 

29.550 

.714 

20,000 

.705 

29,400 

.702 



29,000 

.697 

29,000 

.691  ' 

28,650 

.686    

I 

28,450 

.678    

.675  ' 
.652  1 


4.4] 


EXPERIMENT  No.  6. 
Teat  piece,  iron  F ;  diameter,  .  897"  ;  len^,  3".50. 


let 

Ist 

2d 

2d 

3d 

8d 

4th 

4th 

5th 

5th 

6th 

6th 

7th 

7th 

8th 

8th 

9th 

9th 

lOfh 

10th 

nth 

nth 

12lh 


balance  . . 
elevation, 
balance  . . 
elevation, 
balance  . . 
elevation, 
balance  . . 
elevation, 
balance . . 
elevation, 
balance  .. 
eh'vation. 
balance  . 
elevation, 
balance  . , 
elevation, 
balance  . . 
elevation, 
balance  . . 
elevation, 
balance  . 
elevation, 
balance  .. 


Streaaat— 


« 

2 


Pound* 
38,560 


I 


Pound* 


Dimensions. 


I 


37,880 


37,650 
37,606' 


37,650 
37,646 


37, 700 
37,756 


37, 770 
37,700 
37,580 
37,400 


37, 225 
37,066 


36,950 
'36,925 


36,940 
36,956 


37,000 
37,000 


37,  025 
37,666 


30.  8C0 
36,006 


In. 


.786 


In. 


4.80 


.785 

.781  I  4.82 


.780 
.778 


.776 
.775 


.765 
.'766' 
.758 
.754" 


4. 30 


12th  elevation. 
13th  balance  .. 
13th  elovalion. 
14th  balance  . . 
14th  elevation. 
15th  balance  . . 
15th  elevation. 
IGlh  balance  .. 
16th  elevation. 
17th  balance  . . 
17th  elevation. 
18th  balance  .. 
18th  elevation. 
19th  Imlanco  .. 
19th  elevation. 
20tli  balance  . 
20th  elevation. 
2lHt  balance  . . 
21.st  elevation. 
22d  balance  . . 
22d  elevation. 
23il  b.ilancc  . . 
23d  elevation . 
Broke 


Stress  at —      Dimensions. 


t 

5 


Pounds 
37, 200 


s 


a 


37,000 
36,' 740 
36,550 
36,'375 
36,026 
35,856 
35.' 556 
35,'256 
35,666 
34,825 
34, 575 


36,225 


36,000 
35,966 
35,666 


.746 


741 
738" 


732 


35,200 
35,666 


34,750 
34,525 


34,250 
34,266 
33,' 866 


720 

'ne" 


713 


710 


688 


a 

2 


Pounds     In.      In. 


36,520  I  .750       4.39 


4.40 


4.43 


728  '. 
725''! 


4.45 


4.46 


4.48 


The  lever  remained  at  a  steady  balance  at  37.225  pounds,  the  yield 
of  the  specimen  exactly  counterpoising  the  increase  of  the  strain,  which 
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was  produced  by  the  crank  being  turned  50  revolutions  per  minute 
for  nearly  four  minutes,  duiing  which  period  the  diameter  reduced  from 
.806"  to  .786",  and  the  length  increased  from  4".17  to  4".30. 

We  were  thus  furnished  with  valuable  confirmation  of  views  pre- 
viously expressed  as  to  the  amount  of  entire  change  of  form  which 
has  taken  place  at  tensile  limit.  In  this  case  the  percentage  of  entire 
reduction  of  area  at  rupture,  which  had  occurred  at  beginning  of  balance, 
was  39  per  cent.,  at  end  4S  per  cent. :  of  elongation  at  beginning  65  per 
cent.,  at  end  77  per  cent.  No  6  experiment  was  upon  a  test-piece  which 
had  been,  strained  to  the  tensile  limit  two  months  previously ;  at  that 
time  the  first  stretch  toolt  place  at  a  stress  equal  to  37,880  pounds  per 
square  inch  and  the  strength  at  tensile  limit  was  51,946  pounds. 

Upon  this  secoud  test  the  tensile  strength  was  61,023  pounds  per 
square  inch  and  the  stress  producing  the  first  stretch  was  coincident 
with  the  ultimate  strength. 

The  description  in  detail  of  one  of  these  experiments  will  answer  for  all. 
Selecting,  therefore.  No.  1,  it  is  as  follows : 

At  a  stress  of  24,000  pounds  the  lever's  movement  upward  had  become 
very  slow,  and  although  the  crank  was  turned  continuously,  it  required 
over  six  minutes  to  rise  to  25,275  pounds,  the  24,000  pounds  having  been 
reached  in  about  eight  minutes.  From  25,275  to  25,280  pounds  the  lever 
slowly  vibrated  over  five  minutes,  then  settled  to  rest,  the  latter  figun^ 
being  the  highest  point  reached,  equal  to  a  tenacity  of  66,426  pounds 
per  square  inch.  When  the  lever  fell,  the  stress  wfis  stopped,  weights  • 
removed  until  the  scale  marked  24,400  pounds — a  removal  of  880  pounds, 
when  the  lever  rose  slowly  to  a  balance,  the  marks  coinciding.  At  this 
instant  the  measurements  (diameter  .596",  length  3".24)  were  taken,  the 
operation  requiring  about  25  seconds ;  strain  was  then  reapplied  and  the 
lever  instantly  rose  till  it  required  26,225  pounds,  an  addition  of  825 
pounds,  to  keep  the  balance,  it  then  sunk  rapidly.  This  operation  was 
repeated  twenty -two  times,  the  gain  in  strength  constantly  decreasing 
and  the  loss  increasing,  until  rupture  finally  took  place  at  22,300  pounds ; 
a  loss  of  nearly  3,000  pounds  on  the  original  strength. 

Stress  required  to  produce  successive  changes  of  form. 

The  stress  which  produced  the  first  perceptible  elongation,  and  .that 
which  increased  the  same  each  tenth  of  an  inch,  also  the  corresponding 
reduction  of  diameter,  was  observed,  and  are  shown  in  the  following 
tables : 

No»  1.     Tenacity f  G6y2Aij  pounds. 

Stress  of  44,000  lbs.  per  sq.  inch  produced  elongation  .01'',  reduced  diameter  ,016" 
Addition  of  12,600  lbs.  persq.  inch  increased  elongation  to  .10",  reduced  dianiet  er  to  .0:J2" 
Addition  of  7,500  lbs.  per  sq.  inch  increased  elongation  to  .W\  reduced  diameter  to  .048" 
Addition  of  1,700  lbs.  per  sq.  inch  increased  elongation  to  .:J0",  reduced  diameter  to  .006" 
Addition  of  300  lbs.  per  sq.  inch  increased  elongation  to  .40",  reduced  dijimeter  to  .087" 
Addition  of       25  lbs.  per  sq.  inch  increased  elongation  to  .44",  reduced  diameter  to .  100" 

No,  2.     Tenacity,  63,880  jpoujida. 

Stress  of  40,500  lbs.  per  sq.  inch  produced  elongation  .02",  reduced  dinmetor  .002" 
Addition  of  14,540  lbs.  persq,  inch  increased  elongation  to.l*i",  reduced  diameter  to. 010" 
Addition  of  7,2(50  lbs.  per  sq.  inch  increased  elongation  to  .22",  reduced  diameter  to  .044" 
Addition  of  1,630  lbs.  per  sq.  inch  increased  elongation  to  .32",  reduced  diameter  to  .008'' 
Addition  of      133  lbs.  per  sq.  inch  increased  elongation  to  .40",  reduced  diameter  to  .01)4'' 
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No.  3.     ToMdhf,  61,740  jKmiub. 

Stress  of  35,064  Ibe.  per  sq.  inch  prodaced  elongation  .01'',  rednced  diameter  .002" 
Addition  of  9,408  lbs.  per  sq.  inch  increased  elongation  to  .11'',  reduced  diameter  to  .012" 
Addition  of  10,368  lbs.  per  sq.  inch  increased  elongation  to  .21",  reduced  diameter  to  .030" 
Addition  of  3,920  lbs.  persq.  inch  increased  elongation  to  .31",  reduced  diameter  to  .044)" 
Addition  of  1,314  lbs.  persq.  inch  increased  elongation  to  .41",  reduced  diameter  to  .064" 
Addition  of  519  lbs.  per  sq.  inch  increased  elongation  to  .51",  reduced  diameter  to  .078" 
Addition  of    147  lbs.  per  sq.  inch  increased  elongation  to  .58",  reduced  diameter  to .  102" 


Stress  of 
Addition 
Addition 
Addition 
Addition 
Addition 
Addition 
Addition 


^0.5.     Tenacity f  bifSdO  pounds. 

36, 166  lbs.  per  sq.  inch  produced  elongation  .02",  rednced  diameter 
of  6,424  lbs.  per  sq.  inch  increased  elongation  to  .12",  reduced  diameter  to 
of  4,58rt  lbs.  per  sq.  inch  increased  elongation  to  .22",  reduced  diamet^er  to 
of  2,492  lbs.  persq.  inch  increased  elongation  to  .32",  rednced  diameter  to 
of  l,:i52  lbs.  per  sq.  inch  increased  elongation  to  .42",  reduced  diameter  to 
of  608  lbs.  per  sq.  inch  increased  elongation  to  .52",  reduced  diameter  to 
of  250  lbs.  per  sq.  inch  increased  elongation  to  .62",  reduced  diameter  to 
of  unknown  amount  increased  elongation  to.71",  reduced  diameter  to 


.002" 
.OIC" 
.02*.;" 
.038" 
.054" 
.069" 
.084" 
.104" 


Thns  it  is  evident  that  after  the  elastic  limit  has  been  reached,  a  slight 
addition  to  the  stress  produces  very  disproportionate  effect.  As  a  con- 
firmation, our  tests  of  cable  show  in  oue  case  that  an  elongation  of  25'^ 
produced  by  56  tous  stress,  was  increased  to  56^'  by  the  sedition  of  12 
tons. 

In  obtaining  the  stress  which  produced  the  elongation  of  each  tenth 
of  an  inch  we  watched  for  the  elongation  and  stopped  the  strain  the 
instant  the  lookedfor  tenth  had  taken  place.  The  experiment  was 
varied  in  the  following  manner,  with  two  test-pieces,  made  from  soft 
charcoal-bloom  boiler  iron. 

With  these,  having  obtained  the  first  stretch,  we  applied  slowly  an 
additional  stress  of  1,000  pounds,  and  measured  the  dimensions,  then 
continued  to  add  the  same,  measuring  after  each  addition,  until  the  lever 
fell  indicating  tensile  limit.  We  thus  procured  data  as  to  the  action  of 
the  metal  between  the  elastic  and  the  tensile  limit,  the  former  tests  Kos. 
1,  2,  3,  and  5  having  begun  at  the  latter  period. 

EosperimenU  to  determine  the  ejfect  in  changing  form,  ofetrcsB  increasing  from  tJie  elastic  to 

the  tensile  limit,  gradually  applied. 

Teat-pieces  of  soft  charcoal-bloom  iron. 


Stress  on  test-piece. 


None 

20,500  pounds 
22,000  pounds 
23,000  pounds 
24,000  pounds 
25,000  pounds 
26, 000  pounds 
27,000  pounds 
28,000  pounds 
29,000  pounds 
30,000  pounds 
81,000  pounds 
82,000  pounds 
33.000  pounds 
84.000  pounds 
35,0|AP  pounds 
36,000  pounds 
37,000  pounds 
88,000  i>ounds 


No.  L 


Dimensions. 


Dimxf 
eter. 


n 

1.600 
.085 
.994 
.  SW2 
.991 
.089 
.987 
.985 
.983 
.980 
.977 
.975 
.972 
.968 
.9M 
.960 
.955 
.943 
.933 


Length. 


8.938 
3.956 
8.986 
4.001 
4.010 
4.024 
4.040 
4.058 
4.078 
4.009 
4.124 
4.156 
4.168 
4.201 
4.239 
4.28-i 
4.389 
4.425 
4.  SOI 


ChABge. 


Bed.  of 
diam. 


II 


0.005 
0.001 
0.002 
0.001 
0.002 
0.002 
0.002 
0.002 
O.OOS 
0.008 
0.002 
0.003 
0.004 
0.004 
0.004 
0.005 
0.012 
0.010 


Elon. 


II 


a  018 

0.020 
0.01C 
0.009 
0.014 
0.016 
0.018 
0.020 
0.021 
0.025 
a  032 
0.032 
0.033 
0.038 
0.045 
0. 055 
0.080 
0.076 


No.  2. 


Dimensioiis. 


Diam- 
eter. 


II 

0.996 
0.089 
0.988 
0.085 
0.983 
0.982 
0.980 
0.977 
0.975 
0.072 
0.97L 
a967 
0.965 
0.959 
0.956 
0.948 
0.938 
0.921 


Length, 


4.008 
4.038 
4.067 
4.070 


4. 
4. 
4. 

4. 
4. 


003 
109 
121 
242 
205 
4.280 
4.305 
4.340 
4.374 
4.402 
4.454 
4.514 
4.586 
4.658 


Change. 


K.D. 


// 


E. 


0.007 
O.OOi 
0.003 
0.  OOi 
0.001 
0.002 
0.003 
0.002 
0.003 
0.001 
0.004 
0.002 
0.006 
0.004 
0.007 
0.010 
0.017 


// 


0.030 
0.U29 
0.009 
0.017 
0.016 
0.012 
0. 021 
0.023 
0  015 
0.025 
0.035 
0.034 
0. 028 
0.053 
0.060 
0.072 
0.072 
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While  testing  the  piece  whose  history  is  given  as  Experiment  No.  1 
we  noticed  after  ruptare  that,  in  addition  to  the  redaction  at  the  point 
of  rapture,  where  the  taper  was  very  abrupt,  there  were  several  other 
places  much  reduced,  as  shown  in  cat.  ^o  test-piece  from  other  irons 
manifested  this  peculiarity;  two  others  of  this  material  ^4ronL"  did. 


''1^— /50?L^ 


■gB»"        »- ■ 


This  irregular  decrease  of  diameter  under  tension  was  considered  to 
be  an  incUcation  that  the  strength  of  the  material,  however  great  it 
might  occasionally  prove,  was  very  irregular,  that  each  bar  contained 
boSi  strong  and  weak  spots,  and  that  it  was  thus  unsuitable  for  cables. 
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SECTION  V. 

IMPACT. 

A  PAPER  DESCRIBING  A  SERIES  OF  TESTS  MADE  BY  THE  APPLICATION 
OF  SUDDEN  STRAINS  TO  PORTIONS  OF  THE  VARIOUS  BARS,  WHOSE 
ACTION  UNDER  TENSION  HAS  BEEN  GIVEN. 

The  tests  by  which  we  ascertain  the  powers  of  the  various  irons  of 
the  series  to  resist  steady  tensional  strains,  applied  in  the  direction  of 
the  liber,  and  when  manufactured  into  links,  furnish  us  with  no  data, 
by  which  their  relative  powers  to  resist  sudden  strains,  applied  tmus- 
veraely,  can  be  judged.  As  cables  are  more  frequently  broken  by 
strains  of  this  nature  than  by  all  other  causes  combined,  it  was  con- 
sidered to  be  absolutely  necessary  that  the  series  should  be  subjected 
to  such  tests  as  would  develoi)  their  relative  values  in  this  respect 
before  vre  could  express  an  opiuion  as  to  which  of  the  varying  charac- 
teristics, as  developed  by  tension  alone,  indicated  that  the  iron  in  which 
they  existed  conld  be  considered  as  in  every  way  suitable  for  the  manu- 
f act  are  of  cables. 

Having  no  apparatus  by  which  such  tests  could  be  made,  one  was  de- 
vised by  the  chairman  of  this  committee,  by  the  use  of  which  we  were 
enabled  to  form  a  very  fair  jndgment  as  to  the  comparative  values  of 
the  irons  when  subjected  to  shocks. 

This  machine  was  called  the  impact-hammer,  and  it  is  shown  in  the 
accomi)auying  lithograph. 

METHOD    OF  TESTING   BY  niPACT. 

Our  method  of  testing  by  this  machine  was  this:  Test-pieces  not  less 
than  twelve  diameters  in  length  were  placed  across  the  hole  through  the 
anvil,  the  centers  being  directly  under  the  edge  of  the  wedge-shaped 
hanrmer,  which  was  raised  to  various  heights  and  allowed  to  drop  upon 
them. 

Bars  of  some  irons  which  were  tested  by  this  method  could,  while  in 
their  normal  condition,  the  skin  being  in  no  manner  nicked  or  weakened, 
be  broken  in  two  by  blows  of  less  than  30  feet  drop;  with  other  iri»ns 
it  was  necessary  to  weaken  them  by  a  circular  score  ^"  deep  that  we 
might  succeed  in  breaking  the  test-piece,  it  not  being  convenient  to  use 
a  hammer  of  over  100  pounds  weight,  which  could  be  hoisted  but  30 
feet.  This  cut  through  the  skin  reduced  the  bar's  power  to  resist,  in 
the  same  manner  that  it  is  reduced  by  the  ordinary  method  of  nicking 
with  a  cold  chisel,  and  the  blows  of  the  hammer  were  of  the  same  nature 
as  those  given  by  sledge  hammers;  but  with  this  machine  the  force  of 
the  blow  could  be  regulated  and  known,  and  the  weakening  produced 
by  the  cuts  made  uniform. 

The  wedge-shaped  portion  of  the  hammer  permitted  a  bar  to  bend  to 
an  angle  of  120o. 

The  energy  of  the  blow  delivered  by  this  hammer  may  be  deduced 

from  the  formula  E=^.  -,  in  which  w  =  weight  of  hammer  in  pounds, 

if 

t?  =  its  velocity  in  feet,  <;  =  gravity  (at  Washington  32,153),  and  E  = 
energy  in  foot  pounds. 

By  resolving  this  formula,  it  will  be  seen  that  for  each  foot  of  drop  of 
the  hammer  the  energy  is  equal  to  100  foot  pounds.    As,  however,  the 
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dynamical  eflPect  of  the  blows  are  necessarily  modified  by  friction  and 
other  causes,  among  which  is  the  increasing  distance  of  the  drop,  as 
the  specimen  yields,  and  as  the  power  to  resist  these  blows  must  be 
reduced  by  the  effect  of  those  previously  sustained  by  the  specimen 
under  test,  our  results  by  the  use  of  this  machine  have  but  a  slight 
and  indirect  value  from  a  scientific  point  of  view ;  but,  furnishing  us 
as  they  did  with  an  unerring  method  by  which  we  could  judge  whether 
an  iron  was  or  was  not  tough  enough  to  make  good  chain  cables, 
also  with  indications  which  enabled  us  to  form  a  judgment  upon  the 
same  point  by  the  results  of  tensional  tests,  they  were  very  valuable  for 
our  puri)oses. 

Through  results  obtained,  by  its  use,  nearly  all  of  the  chain  cable  on 
hand,  owned  by  the  Xavy  Department,  was  condemned,  and  the  endeavor 
to  make  an  iron  which  could  withstand  the  severe  tests  given  by  this 
machine,  resulted  in  the  discovery  of  the  process  by  which  the  experi- 
mental cable  iron  (hammered  iron  and  iron  A)  was  produced. 

Through  the  data  collected  by  the  test  by  this  method  of  a  large  num- 
ber of  bars  of  various  irons  differiug  widely  in  character,  we  were  able 
to  detect  the  existence  of  a  connecting  link,  and  partially"  trace  its  course, 
between  characteristics  displayed  under  tension  and  those  produced  by 
impact. 

Iron  with  high  tensile  strength  generally  proved  to  be  possessed  of 
but  comparatively  low  resilience ;  it  would  break  under  the  blows  with 
but  slight  deflection,  and  leave  a  fractured  surface,  smooth  as  though 
the  bar  had  been  cut  in  two  by  a  sharp  knife,  the  ends  of  the  fibers 
showing,  like  steel,  a  fine,  slightly  granulous  surface. 

Iron  of  coarse,  slightly-worked  character  would  have  an  equally 
smooth  and  bright  surface,  but  the  coarse,  granulous  appearance  of  the 
cut  fibers  denoted  how  slightly  they  had  been  affected  by  the  rolls. 

Iron  with  a  high  elastic  limit  would  resist  the  first  blow  with  but  little 
injury  or  deflection,  but  the  deflection  once  started  by  subsequent  blows, 
it  would  yield  more  at  each  than  would  other  irons  with  a  lower  limit, 
which  were  more  affected  by  the  first  blow.  Some  irons  would,  after 
having  been  weakened  by  the  cicrular  cut  through  the  skin,  resist  with 
slight  injury  blows  which  would  break  in  two  bars  of  the  same  size  of 
other  irons  which  had  not  been  so  weakened. 

There  are  many  irons  valuable  for  many  purposes,  which  would  not 
yield  good  results  under  this  form  of  test;  but  however  valuable  for 
other  purposes,  the  material  which  proves  brittle  under  this  test  cannot 
be  expected  when  made  into  cable,  and  subjected  to  strains  of  a  similar 
natnre,  to  prove  equal  to  its  tasks. 

Iron  which  is  materially  weakened  by  a  repetition  of  slight  sudden 
strains,  none  of  which  produce  preceptible  injury,  but  which  do  so 
injure  it  that  eventually  a  strain  no  greater,  and  perhaps  much  less,  than 
those  previously  encountered  will  destroy  it,  is  not  suitable  for  cable. 
Trou  whose  entire  strength  depends  u[)ou  its  remaining  perfectly  free 
from  abrasion  or  slight  cracks  is  not  suitable  for  cables.  Our  tests  by 
impact  revealed  that  large  quantities  of  iron  possessing  the  above  de- 
fects had  been  accumulated  by  the  government,  all  having  passed  satis- 
factorily the  examinations,  which  consisted  of  tension-tests  made  upon 
test-pieces  of  erroneous  proportions.  Much  of  this  iron  was  of  good 
material,  but  the  low  price  at  which  it  had  to  be  supplied  in  order  that 
the  lowest  bidder  should,  as  the  law  directed,  receive  the  contract,  had 
necessitated  that,  in  order  to  make  it  cheap  enough,  but  very  little  work 
should  be  expended  upon  it. 

Our  experiments  demonstrated  not  only  its  want  of  value  in  its  pres- 
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ent  state,  but  that  also  by  thorongh  work  it  could  be  vastly  improved, 
and  when,  in  addition  to  this  work,  material  of  no  greater  cost,  but  i>oa- 
sessing  qualities  that  the  coarse  chain  iron  lacked  was  added,  we  found 
that  most  valuable  iron,  capable  of  resisting  all  strains,  was  produced. 

An  example  of  such  a  transformation  will  bo  described.  The  material 
selected  was  taken  from  the  pile  of  2 1\"  chain  iron,  and  was  probably  as 
inferior  a  bar  of  iron  as  could  be  found  in  the  pile,  or  in  our  markets, 
there  being  in  the  stock  of  chain  iron,  however,  a  great  many  equally  as 
poor. 

These  bolts,  eaeh  over  26'^  long,  were  thoroughly  tested.  Several 
which  had  not  been  weakened  by  a  score  were  broken  square  in  two  by 
a  single  blow  of  the  hammer  dropped  25  to  30  feet;  others,  after  hav- 
ing been  struck  from  ten  to  twenty  times  by  the  hammer  from  a  height 
of  8  or  10  feet,  and  showing  no  injury  or  deflection,  would,  upon  receiv- 
ing another  blow  of  no  greater  force,  break  in  two;  other  bars  scored 
as  has  been  described  would  break  in  two  at  single  blows  of  from  1  to  3 
feet  drop. 

In  all  cases  the  apx)earance  of  the  fracture  was  the  same,  and  is  shown 
in  Fig.  1,  Plate  VJ,  and  would  be  described  as  ''bright,  coarse  granu- 
lous.''  The  piece  photographed  was  broken  by  a  single  blow  of  the 
hammer  dropped  three  feet. 

The  fragments  of  this  bar,  with  those  of  several  others  of  the  same  lot, 
some  of  which  had  broken  by  even  lighter  blows,  were  piled  with  alternate 
layers  of  old  boiler  iron  (they  having  been  first  thoroughly  reworked), 
and  were  hammered  into  a  bloom,  from  which  a  bar  of  2"  diameter 
was  swaged.  This  was  cut  into  pieces  24^'  long,  and  the  pieces  were 
scored  in  two  places  8^^  apart,  and  then  tested  as  was  the  original 
bar,  except  that  each  drop  of  the  hammer  was  from  a  height  of  tliirty 
feet.  The  first  score  received  ten  such  blows  before  it  was  entirely  torn 
in  two,  and  the  fr^ictured  surface  appeared  as  shown  in  Fig.  2  of  same 
plate. 

This  bar  was  still  further  tested  to  ascertain  the  effect  of  low  temper- 
ature upon  the  strength  of  an  iron  of  this  description.  After  exposure 
for  twenty-four  hours  in  the  open  air,  the  temperature  averaging  about 
30°  Fah.,  the  second  score  was  subjected  to  impact  and  resisted  eight . 
blows  of  30  feet  drop,  the  ninth  blow  cutting  in  two  the  remaining  seg- 
ment at  the  top,  which  developed  a  fine  granulous  appearance,  as  shown 
at  ft.  Fig.  1,  Plate  III. 

The  resemblance  of  the  segment  of  b  to  the  entire  face  of  Fig.  1,  Plate 
VI,  and  to  the  same  in  a,  Plate  III,  is  caused  by  the  fact  that  in  each 
case  the  blow  which  produced  the  effect  was  so  far  beyond  the  power  of 
the  iron  to  resist,  that  the  fibers  were  cut  in  two,  as  if  struck  with  a 
chopping-knife. 

With  the  2^'  bar  the  test  was  a  30  feet  drop  upon  about  J'^  of  thick- 
ness which  had  already  been  weakened  by  the  shock  of  eight  as  heavy 
blows.  With  the  2t^"  the  test  was  but  3  feet  drop,  delivered  upon  a 
bar  over  2J"  thick  which  had  sustained  no  previous  stress.  There  is 
between  them  a  difference  that  the  illustration  does  not  show  clearly. 
In  both  cases  the  fibers  are  cut  across  at  right  angles,  and  show  by  the 
fineness  of  the  bright  ends  in  the  2^'  bar  that  the  material  was  good;  in 
the  other  bar  the  ends  of  the  fibers  are  coarse  and  large.  The  bright- 
ness of  the  first  resembles  to  a  certain  extent  that  of  fractured  steel; 
that  of  the  other,  fractured  cast  iron. 

The  fracture  shown  at  a,  Fig.  1,  PLate  III,  is  that  of  another  made 
upon  the  same  2"  bar,  which  had  withstood  the  extreme  tests  described. 
In  this  case,  however,  the  score  was  cut  much  deeper,  and  weights  being 


PLATE  III. 

IMPACT  TESTS. 

Fig.  I. 


IUFFtRENCK  IN  APPEARANCE  OF  FRACTURES  PRODUCED  BV  IMPACT.  OF  V 
OF  ENERGY.  THE  MATERIAL  BEINO  THE  SAME. 


X 


I. 


CI      ♦      •     ■      * 


\Jnivlp/::  ,  .- 


PLATE  IV. 
IMPACT  TESTS. 


Hdimypi  Priming  Co.,  iii  Trnnonl  Sirccl.  Benton. 


TESTS   OF   METALS.  125 

added  to  the  hammer,  the  test-piece  received  a  blow  eqnal  to  6,000  foot 
poands,  which  cat  it  in  two,  as  shown. 

The  extreme  difference  between  the  appearance  of  the  fractures  made 
upon  the  same  material  (and  it  of  great  resisting  powers),  by  different 
degrees  of  the  same  force,  indicates  that  it  is  unsafe  even  for  an  expert 
to  attempt  to  give  evidence  as  to  the  character  of  the  material  from 
which  a  bridge,  axle,  or  cable  that  has  been  accidentally  broken,  was 
made,  unless  he  knows  just  Iww  it  was  broken.  To  render  a  judgment 
upon  this  point  a  person  must  not  only  be  an  expert,  but  he  must  know 
by  what  character  and  amount  of  force  the  fracture  was  produced. 

The  fractures  illustrated  in  Fig.  2,  Plate  III,  supply  additional  evi- 
dence. The  three  were  made  by  impact  upon  the  same  bar  (of  iron  A, 
1  J"  diameter),  which  was  scored  in  three  places,  8  inches  apart.  At  a 
the  score  was  slight,  and  the  piece  was  torn  in  two  by  repeated  light  blows. 

At  h  the  score  was  the  same,  but  after  the  bar  had  been  broken  half 
in  two  by  light  blows,  one  heavy  one  was  given,  which  cut  in  two  the 
remainder. 

At  0  the  score  was  deep,  and  one  heavy  blow  did  the  work ;  a  would 
be  described  as  "all  fibrous":  h  as  "half  granulous  and  half  fibrous"; 
c  as  "  bright  granulous  » 

The  illustrations  given  in  Plate  VI  may  be  considered  as  represent- 
ing typical  fracture  by  impact  of  thoroughly  worked  and  of  insufficiently 
worked  irons.  The  first  will  bend  before  it  breaks ;  the  second  will  break 
without  bending. 

Irons  P,  Fa?,  O,  D,  H,  G,  Pa?,  and  some  of  the  bars  of  B,  C,  and  P, 
resemble  more  or  less  in  their  characteristics  those  shown  in  Fig.  2; 
those  of  irons  N",  the  2"  bar  of  D,  and  some  of  those  of  B  and  C,  resemble 
Fig.  1,  as  did  most  of  the  contract  chain  iron. 

Reference  has  been  made  to  the  remarkable  difference  which  existed 
between  the  2'^  bars  of.  iron  D  and  the  smaller  bars  of  the  same  iron. 
No  description  can  mark  this  difference  as  plainly  as  a  photograph,  and 
such  photograph  was  accordingly  prepared.    (See  Plate  X.) 

In  the  first  pair  of  fractures^  the  contrast  between  the  2"  bar  and  a 
smaller  one,  as  developed  by  impact,  is  given.  The  2''  bar  was,  after 
being  scored,  broken  by  a  single  twenty-foot  drop  of  the  hammer,  show- 
ing no  deflection.  The  1^*'  bar  was  but  slightly  cracked  by  a  blow  of 
the  same  force,  and  received  four  others  of  from  5  to  8  feet  drop  before 
rupture  was  complete. 

The  second  pair  show  the  action  under  tension  of  the  2"  and  1%" 
bars  of  the  same  lot,  the  former  showing  but  slight  reduction  of  area 
(2.1  per  cent.),  and  its  fractured  surface  resembling  very  closely  that  of 
the  fracture  made  by  impact,  the  latter  reducing  4i>.7  per  cent.,  showing 
a  fibrous  surface. 

BABKING. 

A  peculiar  phenomenon  occurred  with  irons  of  a  certain  type  during 
the  test  by  impact,  which  was  given  the  shop  name  of  "barking."  Illus- 
trations in  Plates  lY  and  "^TT  will  give  a  clearer  idea  than  description 
can  of  this  phenomenon.  This  occurred  only  in  tests  of  very  tough  duc- 
tile iron  wMch  had  been  thoroughly  worked,  and  which  required  sev- 
eral repetitions  of  the  blows  to  break  it  in  two. 

As  the  deflection  caused  by  each  successive  blow  increased,  the  trans- 
verse crack  at  the  lower  part  of  the  test-piece  widened,  and  the  surface 
iron  became  detached  and  stood  open  like  a  detached  bark.  A  tough, 
gray  ligature  with  splintered  surface  connected  the  two  ends,  and  a 
finger  could  be  thrust  under  the  skin  on  either  side. 
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Several  photographs  were  made  of  instances  of  this  action,  it  being 
deemed  peculiar  to  most  excellent  iron,  occurring  only  with  A,  O,  F, 
¥xj  and  O. 

CONTRAST  BETWEEN  APPEARANCES  OF  FRACTURES  OF  IRON  WHICH 
HAVE  RECEIVED  DIFFERENT  AMOUNTS  OF  WORK. 

The  illustrations  on  Plate  XIII  show  the  contrasting  action  of  irons 
Pj?  and  N,  when  tested  by  impact;  the  first,  a  choice  material  thoroughly 
worked,  deflecting  greatly  and  tearing  in  two;  the  second,  a  coarse 
underworked  product,  breaking  like  a  pipe-stem  by  a  blow  very  slight, 
as  compared  with  that  received  by  irou.Pjc,  the  latter  resisting  until 
the  fifth  30- foot  blow  was  given,  the  former  yielding  with  a  "square  break" 
at  a  single  20-foot  blow.  Tested  by  tension  alone,  iron  ^  would  have 
been  rated  as  a  moat  excellent  iron.  It  failed  under  impact  and  a^  a 
cable.  In  the  second  group,  same  plate,  the  test-pieces  illustrated  are 
those  of  irons  P  and  F,  broken  by  tension.  These  irons  were  rather 
overworked,  and  contracted  nearly  50  per  cent,  in  area.  They  were  ex- 
cellent bar  iron,  but  not/  as  valuable  for  cable  as  they  would  have  been 
with  less  work,  the  welds  not  proving  reliable. 

CRYSTALLIZATION. 

The  question  as  to  whether  crystallization  can  be  produced  in  iron 
by  stress,  or  by  repetition  of  stress  with  alternations  of  rest,  or  by  vibnv 
tion,  has  been  very  much  discussed,  and  very  opposite  views  are  enter- 
tained by  experts;  therefore  it  was  considered  that  any  data  which 
might  be  gathered  during  our  tests,  bearing  upon  this  point,  would 
possess  a  value. 

We  have  met  with  but  one  unmistakable  instance  of  crystallization 
which  was  probably  produced  by  alternations  of  severe  stress,  sudden 
strains,  recoils,  and  rest. 

The  connecting  rod  of  the  chain  prover  was  5'^  in  diameter,  had  been 
in  use  for  forty  years,  and  had,  during  this  period,  been  frequently  sub- 
jected to  stress  up  to  250,000  pounds,  with  recoils  produced  by  rupture 
of  test-pieces. 

It  was  carefully  made  in  the  anchor-shop,  being  hammered  from  the 
best  quality  of  wrought-iron  scrap;  it  is  not  probable  that  any  section 
of  it,  if  broken  when  first  made,  would  have  displayed  crystalline  struct- 
ure, but  while  we  were  testing,  it  parted  one  day  at  less  than  200,000 
pounds  stress,  and  the  surface  of  the  fractured  ends  showed  well-defined 
crystallization,  the  facets  being  large  and  bright  as  mica;  the  ends  hav- 
ing become  injured  by  rust,  the  bar  was  again  broken  by  impact  at  a 
point  distant  over  a  foot  from  the  first  fracture,  and  the  same  appear- 
ance was  found  which  is  shown  in  the  illustration,  Plate  V,  Fig.  1,  the 
original  of  which  is  now  in  the  cabinet  of  the  Stevens  Institute. 

A  second  case,  not  so  marked,  occurred  as  represented  in  Pig.  2,  same 
plate,  the  article  being  a  fractured  shackle. 

IMPACT  TESTS.  ' 

The  records  of  tests  by  impact  begin  with  the  history  of  an  examiner 
tion  made  upon  the  contract  chain  iron  in  store,  made  by  the  chairman 
of  these  committees,  acting  under  the  instructions  of  the  Navy  Depart- 
ment, with  the  object  of  ascertaining  the  character  of  the  iron  on  hand, 
and  the  eliect  upon  such  as  was  found  unsuitable  for  cables,  of  thorough 
reworking. 

This  iron  was  stowed  in  piles  classified  by  diameters.  Most  of  It  had 
been  received  during  the  war  from  such  contractors  as  had  bid  lowest. 
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and  its  orifjin  beyond  this  point  was  unknown;  its  general  character,  as 
foand  by  this  examination,  was  worthless  in  its  present  state.  The  re- 
sults of  the  experiments  in  reworking,  and  in  combining  it  with  scrap 
iron  of  superior  quality,  were  such  that  the  iron  produced  was  pro- 
nounced by  the  Chief  of  the  Bureau  of  Steam -Engineering  as  "at  least 
equal,  if  not  superior,  to  the  best  commercial  iron,  at  less  cost.'' 

The  department  at  this  date,  needing  a  '1"  cable  for  a  frigate,  and  be- 
ing convinced  that  the  stock  of  chain  iron  of  this  size  was  unreliable, 
authorized  the  construction,  under  the  supervision  of  the  chairman  of 
these  committees,  of  the  required  cable  from  the  condemned  material  on 
hand.  This  was  accomplished,  and  the  daily  tests  of  the  blooms  from 
which  the  bars  for  this  cable  were  rolled  is  given  under  the  head  on 
"hammered  iron.'' 

From  these  hammered  blooms  the  required  2"  bars  were  rolled  in  the 
copper  mill  by  green  hands,  and  their  record  is  given  as  that  of  "  iron 
A."  Ko  bar  was  permitted  to  enter  into  this  cable  which  had  broken  at 
less  than  three  30-foot  blows.  The  fag  ends  and  rejected  bars  were 
rolled  down  to  smaller  sizes  and  tested  as  such,  there  being  348  tests  by 
impact  made  upon  this  iron,  which  are  recorded,  besides  many  experi- 
ments not  recordetl  or  preserved.  Tlie  remainder  of  the  tests  by  impact 
have  been  made  on  such  bars  as  we  have  procured,  and  had  already 
tested  by  tension. 

When  not  otherwise  specified,  the  length  of  each  of  the  pieces  tested 
was  equal  to  twelve  times  the  diameter,  those  being  the  usual  dimen- 
sions of  chain  cable  bolts. 

These  were  scored  by  a  pipe-cutting  machine  to  a  depth  of  -^J'^  either 
at  the  center,  or  at  two  points  equidistant  from  the  ends  ancl  the  piece 
was  when  tested  placed  so  that  the  wedge-shaped  hammer  struck  the 
score. 

With  nearly  all  of  the  contract  chain  iron,  the  slight  resistance  offered 
by  the  first  score  was  reduced  to  but  a  small  percentage  of  itself  when 
the  other  scores  were  struck,  hence  it  is  not  considered  necessary  to  retain 
their  record,  and  the  results  in  the  table  are  those  procured  from  the 
first  scores. 

EXPLANATION  OF  SYMBOLS  USED  IN  TABLES 

The  symbols  by  which,  in  the  tabulated  results,  the  effect  of  the  blows 
are  described  signify  as  follows : 

**  V,"  that  a  fine,  silvery  line  has  become  visible  on  the  lower  part  of 
the  score,  indicating  an  approach  to 

**  S  C,"  a  slight  crack,  in  which  a  needle-point  could  be  inserted,  and 

•'C,"  a  crack  wide  and  deep  enough  to  insert  the  edge  of  a  knife. 

"+,"  an  increase  of  the  opening,  but  not  enough  to  term 

"  B  C,"  a  bad  crack. 

"F  or  T  B,"  a  fracture  in  which  the  ends  are  torn  apart,  leaving 
long,  jagged  splinters.    ( See  Plate  XIII,  Fig.  1.  Pa?.) 

"i  F,"  an  incomplete  fracture  of  the  same  nature,  the  ends  still  re- 
maining connected.    ( See  Plates  IV,  IX,  and  XII.) 

"  D ,"  a  short,  square  break,  with  little  or  no  deflection,  the  fractured 
surfaces  showing  smooth,  as  though  cut  in  two.  ( See  Plates  III,  VI,  X, 
and  XIII.) 

"Closed  to  hammer,"  the  test-piece  is  bent  to  from  llOo  to  120^,  and 
in  contact  with  the  face  of  the  wedge  of  the  hammer.  ( See  Plates  IV 
and  XII.) 

"Closed  down,"  the  piece  has  been  still  further  closed  under  the 
steam  hammer,  until  the  sides  are  in  contact  the  whole  length.  (Se<3 
Plates  Vn,  Vin,  and  XI.) 
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rtecl  lite  BOtlvx,  che^  ftactaree  . 

worked,  uid  aflftin  teetfA  (t£8  I 
tb^'oid  1 


owing  a  brialit 
ilean  with  but 

D  140)  with  no 

revealed  tbat 

Iwilor-alecL  mat  Dad  been  put  on 

bftd  bnen  lar|»l;  incors)nrat«d 

wiiD  ino  ui.mT-irDn.    Hod  this  lot  bewisublocted 

aldered  valuable.  A  bar  of  It  broke  nt  IT-^MO 
pounds,  eqnnl  to  &S.C>CH)poimdato  the  annare  inch, 
._j  ..,  .1,..:.  i:~n-„a  at  nearly  32.000  ponnda. 
"    wortUeeaneaa 


The  teat  by  Impact  reveal 
and  it  waa  n^eoted. 
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Beoord  of  twis  hf  impaet—Con^mied* 
Hambcsrbd  Ibon — Contintied. 


i 

a 

0 
St 

1 

H 


Number  of  drop,  and  efbot. 


£ 


ll 


141 

142 
148 

144 

146 
146 
147 
148 

149 

150 
151 
152 
158 

154 

155 
156 
157 
158 
158 

100 

161 
162 
163 
164 
169 
166 
167 
168 

<«) 

<W 
<«) 

&> 

170 

171 
172 

173* 

174 
175 

176 

1T7 
178 
179 
180 
181 

182 

183* 

184 
185 


V 
V 


V 

V 


V 

sc 

V 
V 


s  c 

V 


V 
V 
V 
V 
V 


V 
V 
V 

V 


V 

V 


V 

V 


V 

V 


V 

V 

so 

V 


186  V 

187  I    V 

188  I    Y 


0 
SO 


+ 

+ 


T 
F 


V 
SO 

V 

+ 


8+C 


o 


80 

at, 

S  0 
0 


+ 

0 

so 

0 

o 

80 


8-^C 


so 

80 
O 
0 
0 


80 

+ 


0 
0 


+ 
+ 


+ 
+ 
+ 
+ 


+ 

+ 

+ 
+ 

+ 


+ 
p 

F 
0 


F 
F 
F 


F 
F 


0 
F 

F 
F 

+ 


F 
O 
F 


i 

0 
F 


i^ 


0 
0 

F 

F. 

I  V 

P 

P 


*F 

SO 

C 
SO 

SO 
P 

p 


p 
p 

IP 


p 

p 


+ 


+ 

IF 


*y 


P 
P 


88oto8i 

...do 

...do 


p. 


PebroOTS. 

...do 

....do ....... 

....do ....... 

....do  ..*.... 


PebmaryS. 
44oto540P. 

...do 

...do 

...do 

...  do 


Pebmary  4. 
25°  to  270  P. 

...do 

...do 

...do 

...do 

...do 


PebmairS* 
13oto21^P. 
..  do 


.do 
.do 
.do 
.do 
.do 
.do 
.do 


Fehruarjt. 
270  to  340 


P. 


..do 
..do 
..do 
..do 


PebnuffvS. 
90  to  19  P. 

...do 

...do 


Pebraaiy  9. 
8oto9op. 

....do 

....do ....... 


Pebmary  10. 
20  to  150  P. 

....do 

....do 

....do 

....do 

do 


A  cbatDge  in  the  bofler-inm  ImproTed  thia  lot. 

96  per  cent.  long  fiber. 
Teated  by  tension. 


90  peroemt.  Ujos  fiber. 

do....rrrr. 

do 

do 

do 


Long  gray  fiber 


do 

do 

Tension  test 


Long  gray  fiber. 


Pebmary  IL 

2ioto82P. 

do 


Pebmary  12. 

190  to  280  P. 

....do 

....do 

....do 


do 

do 

do 

do 

Teii8ion>teat 


lA"  contract  cbain- 
non  and  boiler- 
plate. 


60  per  cent,  long  fiber. .... 

50  percent,  long  fiber I  ^KT^^t^ 


do 
Tension-test 


I 


• •••••• 


Long  fiber , 
.....fdo.  ... 

do.... 

do.... 


iron  and  boiler- 
plate. 


Tension-teBt 


Long  fiber 

....TTdo 

Bro^  half  in  two. 
Long  fiber 


1}|"  contract  chain 
and  charcoal 
bloom  gnn-bands. 


IW"  contract  chain- 
-   iron    and   boiler* 
platen 


Long  gray  fiber .*. )  W  contract  chain 

I      experimental    ca> 

do f     ble-iron     and 

do ...J     boiler>plate. 


Long  fiber,  broke  on  sixth  ) 
blow.  I  1^'  contract  iron 

, do r     and  boiler-plate. 

do J 


Dark  gray  fiber. 


do 

do 

do 

do 

Tension-test 


Long  gray  fiber. 


Long  gray  fiber,  broke  half 
in  two  on  sixth  blow. 

Long  eray  fiber 

Long  fiber 


1^'  chain-iron  and 
gon-bonds. 


Do. 
Do. 
Do. 


-    ■•   «-L«j, 
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Hammsred  Ibon— Continued. 


I 

d 

1 


Komber  of  drop,  and  eflbet 


1 

4l 


1» 

100 
191 
102 
103 
104 
105 
106 


107 
106 
100 
200 


I 


S 

H 


201 

202 
203 
204 

206 

206 
207 


200 
210 
2U 

212 

218 
214 
216 

216 

217 
218 
210 

220 

221 
222 


224 
225 


V 
V 

V 
V 
V 


V 
V 
V 
V 


sc 


+ 
+ 
+ 
+ 
+ 


+ 
+ 


so 

F 
F 
C 

+ 

c 
c 


*F 


Fobmaiy  16. 

23^  toBO^F. 

....do 


F 

F 

F 

IF 


F 
F 

C 


.do 
.do 
do 
.do 
.do 
.do 


....do 
....do 
....do 
....do 


Lang  gray  fiber. 


.do 
do 
.do 
.do 
.do 
.do 
.do 


Szperimeatal  cftble- 
iron,  gun-bands,  and 
boiler-plnMo,  pilod 
in  five  layers:  Ist^ 
three  dieets  boiler- 
plate; 2d,  gnn- 
Dsnds:  8d,  experi- 
mental oable-iron: 
4th,  gnn-band,  ana 
6th.  fbor  sheeta 
boiler-plate. 


Do. 
Do. 
Do. 
Do. 


Eflbot  and  degrees  of  deflection  at  each 
80-foot  drop. 


o 
V.  10 

V.  10 

V.  17 

V.18 

V.  17 

V.18 
S.C.10 

V.18 

V.18 
V.18 
V.18 

V.25 

V.  27 
V.25 
V.  26 

V.17 

V.18 

V.18 

F. 

V.17 

V.  23 

V.17 

V.  10 

V.  16 
V.17 
V.  20 
V.14 


o 
+30 

+20 

+26 

+26 

&C.30 

+86 
RC.58 

&C.30 

&C.88 
C.  38 
C.88 

+38 

+88 

+38 

&C.33 

+20 

+84 
+88 


+20 

+2 
+26 

+40 

+36 

+84 

&C.20 


o 
C.07 

COO 

0.40 

&0.80 

F. 

F. 
F. 

F. 

+ 
F. 
F. 

&0.70 

F. 

F. 
F. 

0.44 

0.45 
F. 


&O.40 

ac.47 

&0.36 

F. 

S.O.80 

S.0.44 

0.40 

G.80 


iS 


o 

B.a 

F. 
F. 
F. 


F. 


F. 


BL0.70 
F. 


F. 

F. 
F. 


B.0.40 
J3.O.70 

F. 

F. 


Febraar7l6. 
1V>  to  11«  F. 


.do 
.do 
.do 


Febmary  16. 
0«>  to  lOo  F. 

....do 

....do 


Febroarr  17. 
170  to  2#>  F. 

....do 

....do 

....do 


Febmary  10. 
210  to  26°  F. 

....do 

....do 

do 


Febmary  20. 

32oto830F. 

....do  ....... 

....do 

....do 


Febmary  22. 
200  to  4^  F. 

....do 

....do 


Febmary  23. 
40oto63OF. 

....do 

....do 

....do 


From  "No.  06  to  llie  end  of  the  teats  the 
deflection  at  each  blow  ma  measured 
and  noted. 

80  per  oenl  long  gray) 
floer.  (1^'  chain-iron 

00  per  cent,  long  gray  >    and  boiler- 
fiber,  plate. 

All  long  gray  fiber.       J 

60  per  oent  gray  fiber,  hj^// contract 

60  per  cent  gray  fiber,   f    Slfc^*?^ 
AllgrayflbSr.  J     boUer-plate. 

liV'  contract 
chain-Iron  and 
boiler-plate. 


.do. 


.do 

.do , 


.do. 


.do. 
do. 
.do. 


.do. 


.do. 


lA"  contract 
chain-iron  snd 
boiler-plate 


lU"  contract 
chi^-iron  and 


do [    boiler-plate. 

Oondemned 


Gray  fiber. 
do 


5J ['"/"/'"]    boiler  pUte 


J    bol 


contract 
ain-lron  and 


00  i>er  cent  gray  fiber 

Broke  half  in  two  ..... 

All  gray  Hbor 

00  per  cenii.  gray  fiber, 
mghtoenter J 


lA"  contract 
chain-iron  and 
boiler-plate. 
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Hammbrbd  Ibok— Continaed. 


I 

% 


280 
231 


234 


287 


240* 
241 

242 


244 

246 

246 

248 
240 


252* 

263 
264 


266 

267* 


261 


264 


267 


260 

270 


EflKct  and  desroM  of  defleotion  at  each 
w-fbotdrop. 


o 
V.16 

V.17 
V.17 
V.17 
V.17 
V.18 

V.17 


v.ia 

V.16 
V.17 
V.18 


o 
+23 

0.29 
&C.30 

F. 
&G.20 
&C.86 

&C.80 


+88 

+26 

&C.30 

+30 


V.W 

V.20 
V.17 

V.18 

V.IO 
V.18 
V.17 
V.18 
V.18 

V.17 

V.17 
V.17 
V.17 

V.18 

V.18 
V.17 
V.17 
V.17 
V.17 

V.IO 

V.M 

V.17 
V.17 
V.18 

V.18 

V.16 
V.18 
V.17 
V.17 

V.18 

V.18 

S.C.01 


+88 

+83 
&C.80 

+20 

&C.27 

+30 
&a20 

+83 

+88 

+20 

+33 

G.30 

&C.20 

+20 

C.20 
&C.80 
&C.33 

+80 

+27 

&a2o 

+33 

&C.20 
&C.86 

+86 

aa35 

+83 
&C.86 
B.C.34 

C.29 

C.84 

C.84 

B.C.42 


o 
&C.40 

F. 
C.67 


F. 

F. 

C.46 


&C.47 

ac.88 

B.C.62 
+« 


+47 

&C.44 
C.47 

C.a46 

C.62 
G.60 

d47 
&C.40 

&a44 

&C.62 

F. 
C.42 

&C.44 
C.67 


&C.40 

+42 

a4o 
a6o 


o 
RC&O 


F. 
G.40 

O.40 

G.40 
F. 
F. 

+43 

BLG.60 

KG.  61 

F. 


F. 

f" 


*F. 


G.68. 

G60. 
F. 

ac.68 


S.C.70 

+70. 
F. 

F. 

F. 

F. 

IF. 
IF. 

IF. 

""i," 

0.66 


T.G.80 
G.66 

+86 

aa6o 

B.a67 
IF. 

G.68 

'"f.'* 

IF. 
F. 


o 
F. 


F. 

F. 

0  62.' 


IF. 
GOB. 


B.O.04 


February  21 
460  to  640  F. 
....do 


.do 
.do 
.do 
.do 

.do 


F6lyniaK7  2& 
68oto6S^F. 

....do 

....do 

....do  ..«..•. 


FebraaT7  2&. 
88oto65oF. 

do 

...do 


February  26u 
320  to  450  F. 
....do  ....... 

....do  . ...... 

....do 

....do 

....do 


February  27.t 
360to49»F. 

....do 

do 

....do 


B.G.67 


i 


F. 
F. 
F. 
70. 


F. 


F. 


F. 

F. 


Maroli3. 
310  to  290  F. 
...do 

do 

.•••do  ..••••• 


Haroli4. 
200to80OF. 
....do ....... 

...do 

...do 


Maroli6. 
2go  to  310  F. 
....do 

•  • • aUO  •••••■« 

...  do 

ICarcb  6. 
38oto40OF. 

....do 

. ...do  ....... 

....do , 


76  per  oent.  gray  fiber.. 

An  gray  fiber 

Tdo. 

Bright  graanlona 

do 

00   per  oentb    bright 

grannlona. 
Beteet  of  Ka  126  after 

xeworkixig. 


V^  ehaln-iron 
and  boiler- 
platoa 


Long  fiber. 


do. 
do. 


IH"  ehafai-lroii 
Long  fiber;  oloaedim.^    and  boiler- 
der   steam-hammer  I     platea. 
until  ends  were  bntl 
3"  MMit,   without  I 
breaun^  j 


Long  gray  fiber 


.do. 
.do. 


Long  gray  fibar 


.do... 
.do... 
.do... 
.do... 
.do... 


Gray  fiber. 


.do. 
.do. 
do. 


V^'  ehainiron 
and  boiler- 
plates. 


U"  and  lA" 
chain  iron  and 
boilerplate. 


The  contract 
chain  iron  and 
fag  ends  of 
experimental 
cable  iron. 


Gloaed  under  steam-hammer. 


Long  gray  fiber 

•  «•«••  QO  «••••••••••••••• 

do 

......do 

Long  gray  fiber  I  stood 
a  & 'blow  nnlnoken. 
Long  gray  fiber j 


IH''  «baln  lion 
and  boiler 
plato. 


Allfibrooa 


.do. 
.do. 
.do. 


chain  ixoik 
nd  boiler 
plate. 


Long  gray  fiber 


.do. 

.do. 

do. 

.do. 


do... 

•  •••••  U€f  *  • « 

do... 


lU"  chain  iron, 
boiler  platea, 
andfsgendsof 
expenmental 
cable  iron. 


t  A  portion  of  the  blooms  hammered  this  day  were  roUed  down  and  became  the  bars  ftimi  2"  to  1"  of 
Iron  A,  the  record  of  which,  nnder  tension  as  ban,  is  given  llos.  130  to  163;  and  the  oomparatiye  strength 
ofbaz8andlinlc%Vca.ltolO. 
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Seoord  of  imU  (jf  teyNWi— Continned. 
Hamkbbbd  Ibon— Continaed, 


I 


0 

1 


Sflbot  and  degx«M  of  defleottcn  at  each 
30-fbot  drop. 


t 


971 

272 
278 
874 

275 

276 

277 
278 

279 

280 
881 


285 

288 

287 


290 
291 


298 

294 

295 
2M 

297 


800 

801 
808 
808 
804 


o 
V.  18 

V.  17 
V.  19 

ac.i9 

C.  18 

V.  15 
V.  16 
V.  12 

V.17 

V.  17 
V.  16 
V.17 

V.17 

V.17 
V.  15 
V.  17 
V.  18 

F. 

V.  18 
V.17 

V.17 

V.17 


o 
+81 

&C.88 
C.  89 
C.  80 

F. 

^^ 
0.  27 

C.  28 
+80 

ac.27 

+80 
+80 

+27 

ac.29 

F 

+27 
+39 


o 
0. 

0. 
F. 
F. 


o 
IF. 


F. 

0.47 

F. 

&C.60 

F. 

SC50 

F. 


F. 


F. 
C.58 


F. 


C.40 
F. 


F. 


F. 
F. 

+88 

+80 


F. 
F. 


&C.16 
V.  16 

ac.i7 

V.  18 

V.17 
V.  18 

V.  15 

V.  15 
V.17 
V.17 
V,  15 


+25 

+80 
C.  88 

+27 

ac.33 

&C.88 

+88 

+30 

+30 

&C.85 

+29 


RC.47 

RC.67 
B.C.60 

0.47 

0.68 

+47 

0.67 

0.60 
*F. 

d45 


\ 


F. 

F. 
F. 


+02 

F. 
0.76 

F. 

F. 


IF. 


»F. 


F. 
F. 


MarohS. 
83oto88oF. 
....do ....... 

...do 

....do 


KarchO. 
82oto87o  F. 

...  do 

....do 

....do 


ICaroblO. 
810  to  460  F. 
....do  ....... 

..  do 

....do 


ICarohll. 
840  to  480  F. 

...do 

....do 

....do 

•  *..do  . •••••. 


.do 

do 

.do 


Maro1il2. 
40Oto83o  F. 

...do 

....do 


KarcblS. 
470  to  50°  F. 

....do 

....do 


MaroblO. 
48oto54oF. 

....do 

do 


Marohl7. 
880to850  F. 

....do 

....do 

....do 

....do 


Long  gray  fiber. 
do 


95  per  cent,  gray  fiber. 
All  gray  fiber 


IH"  obain  Inu, 
Doiler  pbitoa, 
andfikgendaoC 
expenmental 


xpe 
kble 


iron. 


80  per  oent.  fiber , 


90  per  cent,  fiber 

40  per  cent,  fiber 

80  per  cent  granoloos. 


Gray  fiber. 


.do. 
do. 
.do. 


90  per  cent,  gray  fiber. 


Brigbt  center , 

80  per  cent,  brigbt . . 

Alfflber   

60  per  cent,  fiber.... 


Condemned 

do 

do 


90  per  cent,  gn^  fiber. 


do 

Tenaionteat 


IH"  ebain  iron 
and  boiler 
plates. 


1^'  ebaIn  iron 
and  boiler 
plateSi 


lA^  cbain  iron 
and  boiler 
plata 


2i"  cbain  iron 
and  boiler 
plate. 

\W  cbain  iron 
and  boiler 
plate. 


Gray  fiber. 


.do. 
.do. 

do. 

.do 


111"  chain  Inm 
and  boiler 
platCb 

IBeworked  IW 
chain  iron  and 


do'.r.i'.'.'.'.r.'.'.'.'.r. J  ^^'^^ p'*** 


90  per  cent,  gray  fiber. 

All  gray  fiber 

End  hanging 

90  per  oent.  gray  fiber. 
do 


Beworked  1^" 
chain  iron  and 
boilerplate. 


^OTB.^The  tomperatares  were  not  obsenred  at  the  time  of  maldng  the  tests;  the  addition  has  been 
since  made  firom  data  snppUed  by  the  Signal  Service  Office,  and  the  temperatares  given  are  those  at 
7.85  a.  m.  and  noon  of  the  aeveral  days.  The  teste  were  generally  made  at  abont  10  a.  m.,  the  iron 
haying  remaned  at  least  twenty-fonr  hoars  in  the  shop,  where  the  temperatare  during  the  day  was 
probably  80^^  aboTc  that  of  the  outer  air,  and  at  night  probably  10^  above.  This  note  covers  all  of  the 
temperature  records  when  not  otherwise  specified.  Test-pieces  marked  *  withstood  a  $ixih  80-foot  blow 
without  breaking  completely  in  two,  and  were  subsequently  dosed  under  steam-hammer  until  ends 
were  but  8^'  asunder,  only  two  breaking  by  thia  teat. 
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Seoord  of  t9$t$  b^  Impact— Continued. 
IbokA. 

[Tett-pieoesM"  long,  2"  diameter.    SooredA'M 


I 


8 


806 


807 
808* 


810 
8U 

812 
818 
814 
816 
810 
817 

818 

810 

820 

821 

822 

823* 

824* 


826 
827 


320 
880 
831 


984 
886 


807 

838 


840 
841 


848* 

844 

846 

840*1 

847 

848 

848 

360 

851 

882* 

883 

864 

866 

856 

857 
856 


Effect  and  degrees  of  defieotlon  «t  each 
80-foot  dxopw 


o 
V.80 

V.  20 
V.80 


V.80 
V.  28 

V.80 
V.  20 
V.  27 
V.28 
V.28 


V.20 

V.28 
V.  82 
V.  82 
V.80 
C.40 

P. 

P. 
V.80. 


V.28 

86 
V.  88 

v.ao 

V.20 

V.  26 

P. 

P. 
V.  24 
V.  26 
V.  26 
C.80 
G.  82 

P. 

P. 

V.  26 
V.  24 

P. 
V.  25 
V.28 
V.26 
V.26 
V.26 

P. 
V.24 

V. 

V. 
V.20 

V.24 
V.26 
V.26 
V.26 
V.25 


o 
+48 

+46 


T.B.80 
+46 

T.B.08I 

+48 

+i8 

+46 

+47 
V.46 

+48 
P. 


+48 


G.40 
V.  61 
P. 

+45 

46lP. 
0. 


C.46 
P. 

P. 


+46 
+48 
+47 
+40 
+47 


+42 

+ 

+ 
+40 

+44 
+42 
+40 
+48 
+46 


o 
Q 

D 
+» 


T.B.82 


D 
+60 
+60 
C.  50 

+60 

C.68 
8.C.60 


P. 


ac.64 


p. 

+60 


p. 


p. 
'p. 


&0.68 
P. 


C.61 

P. 
P. 


P. 
P. 


P. 
P. 

+71 


C.78 
P. 

a 

C.76 
+76 
+76 


P. 


P. 


P. 
0.78 


■p.' 


T.B.04 


T.R96 

T.B.06 

P. 


1876. 
JanaaTy28. 
840  to  400  P. 

....do 

....do 


January  80. 
88oto80op. 

....do 

....do 

....do 


.do 
do 

.do 

.do 
.do 
.do 


Pebraary  1. 
20»to20^P. 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
.do 
do 
.do 


Pebmazy  2. 

80op. 
...do 


.do 
do 
.do 
.do 
.do 
.do 
.do 


Pebnuffy  6. 
27©  to  84*  P. 

...do 

....do 

....do 

....do 

....do 

....do 


.do 
.do 
.do 
.do 
.do 


Pebmazy  & 
Oo  to  loop. 
...do 


.do 
.do 
.do 
.do 
.do 


Condemned. 

Tension  test 

Condemned. 

A  link  made  fromtUsbar  bzokeat  288,000 

pounds. 
Condemned. 


>Both  from  bar,  made  of  same  bloom. 

5  They  wereoondemnedandreroUedio  l^^'. 
60  per  cent,  bright 

06  per  cent  bright ;  condemned. 

\  Both  fiiom  same  bar ;  00  percent  bright 
3  They  were  condemned  and  reworkeoT 
40  per  cent  fibrous. 


i  Idade  into  cylinders. 


}  Condemned  bars  888  to  825 ;  rerolled to  Hf' 
and  drop  redooed  to  20  feet 

Long  gray  fiber. 

Do. 
)  Both  frcm  the  same  bar,  and  were  com* 
5    demned  and  rerolled  to  1|". 
86  per  cent  gray  fiber. 

[condemned  bars  856  and  856  reioUed  t9 
ly. 


Pine  bright  grannloas ;  ooodemned. 
Do. 


Pine  bright  grannlons ;  condemned. 

This  lot,  nom  Noe.  842  to  852  indnsire,  was 
in  many  cases  overheated  and  showed 
fire  cracks.  The  condemned  bars  were 
remade,  rerolled,  and  again  tested  as 
recorded  at  864  and  866. 

Cond«nned. 


Condemned;  mads 

846,  and  852. 
Passed. 
75  per  cent  fiber. 


froBL  IToa.  842,  848, 


All  fiber. 

60  per  cent  fiber. 

All  fiber. 

60  per  cent  fiber. 

05  per  cent  fiber. 

Unacored;  it  was  stmrk  twelve  80-fbo* 

blows  and  then  closed  under  the  steams 

hammer  without  a  orack. 
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Seoord  of  tests  (jf  impoo^-Contiiiaed. 
Iron  A — CoDtiaaed. 


I 


I 


864 

865 
866 

867 

868 


870 
871 
872 

873 

874 

875 

876 
877 
878 
879 


881 


EfBsct  and  desreea  of  deflection  at  each 
80*  foot  drop. 


o 
V.  26 

V.  28 

V.  80 

F. 

V.  26 

V.  24 
V.23 
V.  26 

V. 

V. 

• 

V.  84 

▼.88 

V.  24 

V.20 
C.  24 
V.22 
V.  18 

V.24 

V.24 

V.  26 

V.25 

V.28 


o 
+44 

P. 
F. 


C.  40 

+42* 

+44 

+47 

F 

+ 

+50 
C.47 

+33 

+86 
+40 
+83 
+86 

+40 

+41 

+44 

+41 

+42 


o 
F 


S.  C.  61 

S.C.  6 

F 


1 

& 


C.76 
F. 


F. 

+87 

F. 

F. 

i 

+ 
+ 

+56 

+M 
+58 
+M 
+54 


C.  66 


C. 


F. 

+ 

F. 

F. 

F. 
C.68 
C.68 


F. 


F. 


F. 
F.' 


F. 
F. 


9^ 


^1 
II 


3875. 
February  12. 
lOO  to  280  p. 

....do 

....do 

....do 


Febmarrn. 
170  to  360  F. 
. . .  .do ....... 

....do 

....do 

....do 

....do 


February  18. 
irHoSO^F. 
...do 


February  27. 
86oto4lSoF. 

...do 

....do 

....do 


Match  17. 
80oto35oF. 
....do 


March  20. 
82oto86PF. 

March  86. 
850  to  440  F. 


The  whole  of  thia  day'a  work  oondemned 
and  rerolled  to  iy\  All  showed  long 
flbroos  fkaoturea,  bat  required  nuxtt 
work. 


IToa.  367  and  870  were  ftirtber  teeted  by 
rolling  down  Cag-enda  to  1|"  diameter 
and  atrack  aa  per  record  of  Koib  871 
and  872. 

Now  367  rerolled  to  If. 
Now  870  reroUed  to  iV'. 

Itfong  gray  fiber;  weight  increased  to  IN 
poundflw 
Dow 


AH  good  long  gray  fibem 


All  good  long  gii^  fibflE. 


Mseard  ^  issis  (y  Umpnet  of  fag-etkdB  of  %in6k  bars,  rolUd  down  to  U  <*Mft  and  ieorod  ^'^ 

Ibon  a. 


1 

4| 

1 

^1 

^ 

•0^ 

Vi 

•Ovi 

1 

Sffect  an 
flection  0 
blow. 

Bemaika. 

e 

1 

1 

404 

Effect  an 
flection  0 
blow. 

885 

D. 

Slightly  flre-eraoked. 

ac. 

386 

V. 

Good. 

405 

887 

V. 

Do. 

406 

V. 

388 

•••■••       ••■ 

Do. 

407 

V. 

389 

ac. 

Slight  flre^sraeka. 

408 

ac. 

390 

ac. 

Do. 

400 

D. 

391 

c. 

Very  good. 

410 

V. 

392 

c. 

. 

411 

B.C. 

393 

c. 

Very  alight  fire-cracks. 

412 

D. 

394 

F. 

90  per  cent  gray. 

413 

F. 

395 

V. 

414 

V. 

396 

V. 

Slight  fire-cracka. 
Half  in  two;  gray  fiber. 
Finei  steely. 

415 

ac 

397 

416 
417 
418 

ac. 

398 
899 

D. 
V. 

D. 
V. 

400 

ac. 

Do. 

419 

V. 

461 

ao. 

Do. 

420 

BwC. 

408 

ac. 

Do. 

421 

C. 

403 

ac. 

Do. 

422 

C. 

Short,  bright  steely- 
Gray  fiber. 
Slight  flre-craoka. 
Gray  fiber. 

Do. 
50  per  cent,  bright 
Very  good. 
All  gray. 

90  per  cent  bright. 
98  per  cent  gray. 
Good. 

Do. 
Slight  fire-eracka. 
Fine,  ateely. 
Gray  fiber ;  good. 

Do. 

Da 

Do. 

Do. 
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£eeard  of  tetU  h^  impaet  of  fag-oudt  €f  d-inolk  harB^  ^o.  —Continued. 

Ibon  a — Contmned. 


1 

^ 

1^ 

1 

:S 

g«.a 

423 

C. 

42A 

c. 

425 

D 

426 

T.  a 

427 

T.B. 

428 

D 

429 

S.C. 

430 

o 

431 

B.C. 

432 

B.C. 

433 

O 

434 

V. 

435 

S.C. 

436 

B.  C. 

437 

B.C. 

488 

a 

430 
440 

8. 

441 

C. 

442 

8.C. 

443 

••••■   ■**■ 

444 

D 

445 

D 

^H/funoylr^ 


6ny  fiber;  sood. . 
05  per  oeat.  dull  gniy. 
Steely. 
Loneflber. 

Do. 
Relected;  steely. 
All  fiber. 

Fine,  steely;  rcijeoted. 
End  bangiiii;. 
Screw. 
Fine,  steely. 
Slight  fire-oraoks. 
Fire-cracked  slightly. 
All  gray  fiber. 

Do. 
60  per  cent,  bright. 
All  gray;  very  dark. 
All  gray;  good  piece. 
All  gray. 

Do. 
Half  in  two;  long  fiber. 
Dull  gray;  rf^ted. 
50  per  cent,  bright^ 


1 

4| 

u 

11 

446 

Effect 
flectio 
blow. 

V. 

447 

F. 

448 

B.C. 

440 

B.C. 

450 

8.0. 

451 

F. 

452 
453 

S 

454 

D 

455 

V. 

456 

D 

457 

1150 

458 

D 

450 

O 

460 

V. 

461 

V. 

462 

V. 

463 

F. 

464 

B.  0. 

465 

S.O. 

466 

V. 

467 

V. 

Bemarks. 


Slight  fire^sraoks. 

End  hanging. 

Gray  fiber. 

Gray  fiber;  end  hanging. 

Lone  fiber. 

Half  in  two;  long  fiber. 

06  per  cent,  gray  fiber;  short. 

00  per  cent,  gray  fiber;  short. 

All  gray  fiber;  short. 

Long  fiber. 

Fine,  bright  steely. 

Thread  ooaaed  on  it;  bent  doable. 

Fine,  steely. 

Short  gray  fiber. 

Fire-craoked. 


Bndhangingi 
Longfibir. 

Slight  fire-eracks. 


All  of  these  tests  made  Pebroary  16, 1875. 

Temperatue,  O.SP,  10.5O,  and  24o  at  7.35  a.  m.,  noon,  and  4.85  p.  m.  ...^ 

Noe.  431  and  455  were^  before  being  tested,  made  Into  screws,  16  threads  to  the  inch;  see  Plate  VII^ 
Fig.1. 


Record  of  tetU  Inf  mpad, 
Ibon  B. 


I 

Vi 

o 

i 
I 


468 

460 
470 

471 
472 
473 

474 
475 

476 
477 

478 


i 
I 

a 


lA 


lA 
lA 


Drop  of 


la  feet,  effect,  and  degrees  of  defiectloa  pro- 
dnced  at  each  blow. 


First 


P 


18 
13 
13 

10 
13 
10 

13 
0 

12 
13 

13 


II 


1^ 


o 

18 
V.  10 
C.  24 

D 
D 
D 


10 
10 

a 

C.34 


Second. 


Ml 


13 
13 
13 


0 
12 


13 


I 


I 


o 

S.C.20 
C.34 

D 


V.  21 

ac.85 


F.118 


Third. 


7 
18 


0 
13 


o 
C.  58 

a 


0.64 
0.66 


Fourth. 


18 


10 
13 


%i 


II 


o 

a 


F.116 
+  85 


Fifth. 


I 


14 


F.115 


TPfBIW^%#- 


)  Mixed  fiber,  and  grann- 
>  Ions;  aU  three  from 
y    same  bar. 

!  Coarse    grannlons ;     all 
three  frSm  same  bar. 


Grannlons. 
Granalona 
uid  fiber. 
Fiber. 
Grannlons 
and  fiber. 
Do. 


Both    from 
same  bar. 

All       from 
same  bar. 
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The  broken  pieces  were  tiioToaghly  reworked  by  the  hammer,  swaged 
into  1^^^  bars  and  annealed ;  then  scored  and  retested  as  follows :  F&st 
piece,  first  score/cracked  at  first  10-foot  blow,  broke  half  in  two  at 
second;  second  score^  cracked  at  first  10-foot  blow,  broke  half  in  two 
at  second.  Second  piece,  first  score,  broke  half  in  two  on  third  10-foot 
blow;  second  score,  broke  half  in  two  on  foarth  10- foot  blow;  and  the 
iron  was  considered  to  be  improved  by  the  work. 


Beoord  of  tette  (jf  impact — Continued. 
Ibok  G— Chain  Links  Deliversd. 


i 

Prop  of  hammer  in  feet,  effect,  and  deflection  pro- 
duced at  each  blow. 

i 

1 

First 

Seoond. 

Third. 

Fonrtli. 

Fifth. 

Bemarka. 

1 

Effect    and 
deflection. 

• 

Effect    and 
deflection. 

• 

I 

• 

II 
ll 

• 

Sflfect    and 
deflection. 

1 

479 

// 

ll 

il 
II 

li 

1* 
II 
11 
li 
(i 

l( 

^f 

il 

Vt 

li 
II 
II 
II 
II 
il 
il 
•1 

17 

24 
80 

80 

13 
15 
17 
20 
16 

17 
17 
20 
16 
13 
14 
12 
11 
16 
12 
12 
12 
18 
U 

V. 

V. 
C. 

0. 

c. 

V. 
V. 

% 

a 
a 
a 

F. 
F. 
F. 
F. 
C. 
F. 
C. 

9. 

17 

17 
80 

80 

10 
15 
17 

C. 

+ 
+ 

17 

17 
10 

80 

8 
12 
17 

F. 

C. 

+ 

+ 

a 

i. 

Xrregolar   break;     dark    fiber,    and 

coane  ffrannlona. 
Tearine  break ;  dark  open  fiber. 
At  2d  ulow  showed  a  pectins  off  of 

skin  (barkinff).* 
Skin  or    outside  peeled  off|    heart 

soond  (barking). 
Coarse,  brtf^ht  grannlona. 
Oatside  slaubea  ofll 

4IK) 

17 
10 

F. 

+ 

481 

482 

488 

484 

8 

485 

486 

Coacae  granuloas. 

Fine   grannlooa   mixed    with    daxk 

fiber. 
Brieht  ffrannloos* 

487 

16 

0. 

16 

a 

488 

488 

17 

0. 

17 

F. 

Finesranoloas. 
Do. 

490 

491 

Bright  grannlooa. 

492 

498 

Do. 

494 

Do. 

495 

498 

■ 

497 

18 

F. 

• 

498 

499 

12 

+ 

12 

F. 

ROO 

501 

11 

0. 

12 

+ 

18 

+ 

18 

+ 

18  +  16+16,halffaitwo.f 

*  See  Plate  Xn,  Fig.  L 


t  See  Plate  IZ,  Fig.  1. 
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JiMwni  of  tdtU  (jf  <ll^pao^— Gontimied. 
Ibon  C— Bab8  Sent  as  Sauflbs. 


I 

e 

I 


602 
603 

604 
506 

506 
607 
508 
509 
510 
6U 
512 
518 
514 

SIS 
516 
517 
518 


510 
600 

621 


It 

3 
li 


»i 
tl 
t* 
U 
f( 

II 
it 


Drop  of  hammer  in  feet,  eilbot,  and  degrees  of 
defleoUon  prodiujed  at  eaoh  blow. 


Fhst 


80 


80 
IS 

10 
8 
10 
12 
18 
20 
15 
12 
6 

8 

6 

12 

10 


80 
80 


o 

C. 

Q 

a 

D 

c.as 

C.86 

C.20 

17.115 

a 
a 

C,S8 

v.is 

F 

S.C.87 
8.0.34 
S.C.80 


Second. 


80 


S 

12 


12 
6 


8 

8 

10 


9. 


II 


o 
Q 


4«7 


a 

+48 


T.F. 

a 


Third. 


12 


C.62 
T.F. 
C.47 


10 


1. 


I' 

S' 


+86 


T.F. 


+60 


Fonrth. 


I 


13 


T.F. 


F. 


TTnaoored. 


40 
76 


80 
80 


60 


US 


80 


86 

116 


80 


110 


Bright  grannlona. 

Very  dwk,  with  laxgehrl^t  grannloiii 

spota. 
Dark  fiber. 
Very  dark,  with  large  bright  grannlona 

spota. 
Dark  fiber. 

Bright,  ooarae  grannloaa. 
Very  dark,  with  bright  grani^lont  spots. 
Tearing  break;  bright  fiber. 
Broken  half  in  two. 
Bright  grannhms. 

Do. 
Tearing  break;  flbrons  iron. 
85  per  oent.  bright  granidoas.     Tem- 

peratnre,  43P  F. 
Au  bright  grannlons. 
Bnd  himging;  gray  fiber. 

Do. 
Dark  fiber. 


Closed  onder  steam-hammer;  no  injury. 
Cloeed  nnder  steam-hammer  i  cracked 

inside. 
Closed  nnder  steam-hammer;    alight 

crack  Inside. 


Ibok  ]>— Second  lot. 


1 

I 


628 


2 


Drop  of  iiMwtnai.  In  fget,  eflbot,  and  degrees  of  deflection  prodnoed  at 

each  blow. 


First 


20 


10 
20 


If  20 


20 

10 

I    8 


H    8 

1      8 


o 

a 

8.  C.  18 
8.  c.20 

&0.18 

V.  10 

D 
&C.24 

0.  88 

a 


Second. 


8 
8 

8 

10 


8 
S 


T.B.UO 
F. 

+24 

a 


C.  66 

Q 


Third. 


B.C.85 


F. 


Fourth. 


U 


s 


P 


+68 


Fifth. 


T.B.US 


AU  bright,  ooarae 
granmona. 

Bnd  hanging. 

All  brignt,  grann 
Ions. 

10  per  cent  bright ; 
end  hanging. 

Fine  bright  grann- 
lons. 
Do. 

SO  per  cent  bright 
grannlons. 
Do. 

80  per  cent  bright 
grannlons. 
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Reoord  of  fwte  ly  impme^^-CoMnmtA, 
iBOif  D  (Sbooitd  LOT>-^ontma6d. 

TUi  lot  1uit1ii((  bMn  teited  on  a  Terr  oold  day,  the  tempentnre  during  the  night  being  b^w  80o  F. 
and  the  ban  resting  at  the  foot  of  the  Impact  hammer  all  night,  in  probably  not  over  M^temperatore, 
they  were  thoronghly  chilled  when  teatod,  and  the  experiment  waa  repeated,  aa  follows,  upon  baia 
which  had  been  kept  in  a  temperature  of  about  00^  for  twenty- four  hours  prei^na  to  teattng,  with  no 
appreciable  diiference  in  results. 


I 

o 

I 


881 
532 
633 
534 
685 
586 
587 
638 
689 


// 


Drop  of  hammer  in  feet,  eflbc^  and  degrees  of  deflection  produced  at 

each  blow. 


First 


I 


1{ 
1 
1 
1 

u 

1 


80 
30 
30 
30 
80 
20 
13 
10 
12 


9 


a 
a 

&C.  27 
O.50 

ac.68 

D 

a 

B.  C.  80 

a 


Second. 


80 
80 
80 


10 


9 


I 


II 


C.45 

aaao 

+84 


T.115 


Third. 


80 
30 
80 


B.  C.  65 
T.  Ill 

D 


Fourth. 


I 


\ 


e 

H 


+109 


Fifth. 


i 

o 

i 
I 


540 
541 
542 
643 
544 
545 
546 
547 

548 


3 

il 

If 

ij 

1\ 

I. 

1{ 


Drop  of  hammiir  in  feet,  effect,  and  degress  of  deflection 
produced  by  each  blow. 


First 


Second. 


Third. 


I 


Fourth. 


t 

P 


Fifth. 


I 


Scored. 


80 
80 
30 
30 
30 
20 
16 
10 

12 


a 

a 

S.C.27 

G.50 

S.G.53 

a 
zi 

B.C.80 


30 
80 
30 


10 


C.45 
B.O.80 

+84 


T.115 


30 
80 
30 


B.C.65 
T.IU 

a 


30 


+100 


Coarse  and  bright 

Do. 
Gray  fiber. 

Gray  fiber;  end  hanging. 
Fine  bright  grannloua. 

Do. 

Do. 
50  per  cent  gray ;  the  rest 

bright 
All  iine  bright  grannloua. 


Tron  E. 

649 

2 
«t 

II 
(1 

I 

II 

II 
it 
ii 

80 
26 

23 

IT 
26 
17 
17 

12 
20 
20 
12 

11 

10 

6 

12 

F.115 

a 

a 
c 

D 
20 

a 

8 

a 

F. 

T.R108 

B.C.  109 

C.80 

F. 

Fibrous. 

650 

Sqnare  break;    gnmuhms  and 

fibrous. 
80  per  cent  grannloua. 
Do. 

651 

SS9 

658 

Do. 

554 

OR 

17 

V.20 

17 

+41 

17 

+68 

17 

COO 

Tom  in  two  at  the  sixth  blow. 
Bright  gcanulous  with  a  litil« 
fiber. 
Do. 

566 

657 

20 

F. 

Dark  fiber. 

5S8 

fiSO 

Knd  hmig^iig:  OP  v^  e"*^  rt^ 

660 

fiber. 
Do. 

661 

8 
6 

F. 
+70 

662 

6 

F. 

668 

90  per  cent  fl^y  fiber  1  endhang* 

Ingon. 
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iffeooitK  0/  te8t$  (y  imjiaot— ComtliiTied. 
Iron  F. 


j 

Drop  of  hammetr  in  feet,  effect,  and  degree*  of  deflection 
produced  by  each  blow. 

First 

Tbiid. 

Foiu'tb. 

Fifth. 

1 

'S 

1 

1 

1| 

1 

§■3 

1 

H 

1 

^1 

TlAm«t>1rf- 

J 

Scored* 

564 

565 

2 

'  Ik 
1 

30 

80 
80 
80 
86 
25 
22 
18 
10 

o 
&C.18 

C.23 
C.39 

F. 
C.27 
90  F. 

F. 

F. 

F. 

80 

80 
80 

o 
T.C.81 

80 

O 

+45 

80 

o 
+62 

80 

o 
+90 

Cloaed  to  fkce  of  hammer  by  * 

sixth  blow, 
(rtay  fiber;  end  hanging.* 
Gray  fiber;  broken  in  two.* 
Do.* 

566 

567 

568 

20 

B.C.55 

20 

IF. 

Do.* 

660 

Do.* 

570 

Do.* 

571 

Do.* 

672 

Do.* 

Iron  Fap— No.  1. 


I 


n 

678 
674 
675 
676 
877 
678 
079 


661 


Number  of  80>foct  drop ;  effect,  and  degrees  of  deflection 

at  each  drop. 


First. 


o 

ac.87 

S.C.40 

&C.45 

C.86 

C.65 

T.C.75 

T.C.90 

110|  F. 

1101 F. 


Second. 


4 

"1 


C.50 
C.76 
C.70 
+100 
T.B. 

llOi  P. 

1121 F. 


Third. 


I 

I 


m 

H 


S 

m 


+63 

T.C.95 

T.  C.  110 

IF. 


Fourth. 


o 

T.  C.67 

107|F. 
T.B. 


Fifth. 


4 


II 

r 


o 
F. 


Sixth. 


4 


Slabbed  up  and  closed  to  hammer. 
Closed  to  race  of  impact-hammer. 
Broke  in  two. 
End  hanging  on. 

Closed  to  fisce  of  impact-hammer. 
Do. 
Do. 
Bo. 


Iron  Fa&— No.  3. 


662 

663 

2 

0 

V.  20 
V.  25 
V.80 

ac.4o 

&C.48 

C.70 

C.80 

F. 

F. 

o 

a4o 

T.cloO 
T.C.70 
T.C.76 
T.  B.  112 
T.B.  117 

o 
T.C.60 

o 
+80 

o 
+100 

IF. 

Except  the  IV'  all  of  the  pieces 
broke  with  Ions,  tearlne  frnot- 

664 

+00 
T.B,  117 
T.  B.  116 

T.B.115 

several  cases. 

665 

566 

667 

666 

680 

690 

*Showed  long  flbroos  straotnra. 
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Seoord  of  torti  hjf  impaei— Continaed. 
Iron  K. 


Drop  of  haminer  in  fMt;  eflbot  and  deflecti<m  piodnoed  at  eaeh  Uow. 


4i 

J 

M 

o 

1 

* 

i 

S^ 

S 

n 

Ml 

2 

M2 

t« 

608 

11 

SM 

ti 

fi06 

14 

606 

(1 

607 

If 

608 

»t 

600 

(1 

600 

^H 

601 

If 

eoa 

i{ 

608 

»i 

604 

605 

lA 

606 

^* 

Iflnt. 


80 
80 
80 

ao 

10 

15 

10 

8 

12 

8 

6 

4 


80 
80 
80 


V. 
V. 

D 

a 
a 

B.C. 

D 

a 
c.a6 


D 
D 
Q 


88 
42 


SoOODid.' 


I 


80 
SO 


8 
12 


+ 
+ 


D 
Q 


Thiid. 


80 


4 

"Si 
9| 


11 


o. 

8.C. 


Fonxth. 


80 
80 


S| 


P. 

+ 


Fifth. 


80 


•e  d 

8 


I 


F. 


TTnMored. 


80 
80 
80 


57 
64 


80 
80 
80 


72 

00 

116 


80 
80 


86 
105 


80 


115 


Teets  1  and  2  were  made  np<m  a  bar  tolled  1>y  the  mann&otorer,  from  a  pile  in  which  flate  of  char- 
coal-bloom  were  pliused  in  center  and  ontBide  of  flats  of  ordinary  cmde  iron  K ;  flate  of  the  latter  were 
Bent  to  ns,  and,  being  combined  with  old  boiler  iron,  were  hammered  into  2"  bars,  the  records  of  which 
under  impact  are  "Noa.  1, 2,  and  8,  page  215.  Koa.  1  and  2  showed  long  gray  flber ;  the  remainder  of  this 
lot  showed  fine,  bright,  steely  fractures. 

All  of  the  nnscored  pieces  closed  down  under  the  steam-hammer  withoat  ii^Jnry. 

Hammkred  ntON  madb  of  Ibon  E,  mixed  with  boilsr-iron. 


I 


607 
608 
608 

610 
611 

612 
613 
614 

615 
616 

617 
618 


I 


// 
2 
t« 

11 


II 
1ft 

2 

It 


II 
II 


II 
II 


Number  of  80-foot  drops  of  hammer;  efTect  and 
deflection  produced  at  each  drop. 


V. 

V. 

8.  C. 

V. 

D 

a 

D 
B.  0. 


1 


V. 
V. 
V. 

V. 
B.G. 

S.C. 

C. 
S.C. 


F. 


C. 

C. 

S.C. 

S.C. 

c. 

c. 

+ 

0. 


F. 

t 

c. 

+ 

+ 


B.C. 

+ 

F. 
F. 


OQ 


+ 
B.C. 


F. 


1 


B.C. 
F. 


■a 
9 


4 

I 


F. 


Bftmarlfs. 


These  three  pieces  were  made  fbom  the 
crade  flats  of  the  2f'  iron  K  mixed  with 
boiler 'iron  and  reworked. 

Made  from  fragments  of  iron  "K  mixed 
with  boiler-iron  and  reworked. 

Hade  from  1^"  iron  K  mixed  with  boiler^ 
iron  and  reworked.  All  showed  flne 
gray  flber. 

Made  from  2"  iron  K  reworked  without 
mixing  with  boiler-ixon. 

Do. 
I>o. 


One  nnscored  2^'  bar,  made  fitnn  2"  iron  K  mixed  with  boiler-iron,  received  twelve  80-foot  blows,  and 
was  then  closed  down  under  the  steam-hammer  without  injury.  The  failure  of  the  bars  which  were 
simply  "reworked"  demonstrates  that  the  iron  had  received  oiiginaUy  all  the  work  which  could  ben- 
eflt 
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Record  of  torti  5y  i»{Niot— ContinaedL 
Iron  11 


I 

I 


619 
«» 

e2i 

622 
023 
024 
«25 
826 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 


2 

u 

it 

tt 
It 
•t 
tt 
t« 


Drop  in  fbet,  eiflbot,  and  of  defleotlon  prodnoed 
at  each  blow. 


First. 


80 

25 

25 

20 

20 

22 

20 

16 

15 

16 

17 

10 

12 

10 

8 

6 

6 

4 

6 

6 


D 
U 
D 
C. 
C. 
P. 
D 
C. 
0. 
•  D 
Q 
C. 
D 
D 
D 
P. 
0. 
C. 

a 

T. 


Seoond. 


I 


6 
10 


6 
8 


10 


8 

4 


a 

Q 


Tbiid. 


D 
P. 


P. 

+ 


P. 


PoQith. 


An  bright  grannlona. 

Do. 

Do. 

Do. 
90  per  cent,  bright  graanloiiB. 
90  per  cent,  bright  grannlona. 
80  per  cent,  bright  grannlona. 

Do. 

Dark,  short  liber  and  bright  grannlona. 

Bright  grannlona;  Tery  short. 
90  per  oent.  bright  grannlona. 
Bright  granolona;  very  abort. 

90  per  cent,  bright. 

Do. 
Doll  fiber  and  bright  grannlona. 
90  per  cent,  bright  grannlona. 


Iron  N. 


639 
640 
641 
642 
643 
644 
646 
646 


25 

20 
25 
25 
15 

10 
8 
0 


C.30 

a 

D 
C.40 
V.20 
V.25 
V.80 
V.82 


10 

16 

10 

6 

6 


T.B. 

0.40 

&C.60 

D 

a 


12 

10 


a 
aoo 


8 


T.B. 


80  per  cent. 
95  per  cent. 
80  per  cent. 
90  per  cent. 
50  per  cent. 
80  per  cent. 
60  per  cent. 
Do. 


bright)  coarse  grannlona. 
bright,  coarse  grannlona. 
bright  grannlona. 
brlgnt  grannlona. 
gray  fiber, 
gray  fiber, 
gray  fiber. 


Iron  O. 


647 
648 
640 
659 
651 
652 
653 
654 
655 
656 
657 


It 


80 
80 
80 
80 
80 
80 
80 
27 
20 
18 
8 


O 

V.25 

0.40 

a  45 

T.C.45 

T.C.60 

T.C.82 

T.B.  98 

T.C.65 

T.B.  95 

C.55 


80 
30 
80 
30 
80 
15 

io 


8 


8.0. 45 
T.C.71 
T.0.86 
+  90 
T.B.  110 
T.B.  105 

"+96 


80 
80 
80 
80 


T.C.95 


T.C.64 

+  100 

T.B.  115 

T.B.  115 


80 
10 


+  85 
T.B.  115 


Not  broken  at  fifth  blow. 


An  the  breaks  of  iron  O,  except  the  2",  ahow  a  bright,  clear  fiber,  the  ontside  or  skin  to  the  depth  of 
the  More  split  or  dabbed  off,  similar  to  the  bark  from  a  piece  of  wood.  (See  Plate  Zll.)  The  pieces 
below  1|''  diameter  were  dosed  under  the  steam-hnmmer  withont  breaking  them  ofi^  The  1^'  Ukd  ly 
broke  in  two  when  stmck  by  steam-hammer  after  the  ends  had  met. 
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lUoord  of  tegti  hy  impact— Continued. 
Iron  P. 


It 

«i 
1 

n 

1 

Drop  of  hammer  in  fbetieflbot,  and  degreea  of  deflection  prodnoed  at 

each  blow. 

First 

Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

1 

1 

1 

Effect  and  de- 
flection. 

1 

Effect  and  de- 
flection. 

1 

Effect  and  de- 
flection. 

1 

Effect  and  de- 
flection. 

1 

Effect  and  de- 
flection. 

1 

Effect  and  de- 
flection. 

Eemaifcs. 

1 

Scored. 

658 

669 

12 
18 
12 

13 

9 
12 
20 

8 

o 
F. 

c. 

F. 
V.20 

C.  65 

o 

o 

o 

o 

0 

Tjnt  aTan    1flf77 

660 

Fine,  brlj^ht  Steely. 
60  p.  c.  steely ;  60  p.  e. 
fiber. 

brl|i[ht. 

Do. 

.... 

661 

••*••• •• 

662 

4 

D 

..•*■■«• 

668 

Bright  steely. 

Lot  Mansh  1877  •  dnB 

664 

20 
5 

C.45 

20 

*F. 

666 

gray  fiber. 
Half  gray  fiber,  and 
half  fine  steely. 

666 

667 

ti 
(« 

2 

It 

It 
tt 

It 

45 
87 
80 
80 
26 
20 
18 
19 

D 
D 
0. 
C. 

D 

a 
c. 

D 

Bright  gnmiUoiu^ 
Do. 

668 

""*■*• 

669 

80 
25 

O 

+ 

Do. 

670 

10 

F. 

Do. 

671 

Do. 

672 

Do. 

673 

10 

F. 

Do. 

674 

Do. 

Pr. 

675 

80 

30 
25 
10 
80 
80 

V.20 

T.C.40 

T.C.60 

T.B.  110 

V.25 

S.C.40 

80 

30 
25 

T.C.40 

T.B.  75 
T.B.  110 

30 

+  70 

80 

T.B.117 

Long,  grwf  fiber.    See 
Plate  XIL 
Do. 

676 

677 

Do. 

678 

Do. 

679 
680 

80 
80 

&C.45 

O 

30 

+  60 

30 

+  80 

80 

1*0.90 

30 

+  110 

Loose,  gray  fiber,  soft. 
All  bright  graniiloas. 

This  iron  (P)  tested  by  tension,  and  judged  by  ductility,  &c.,  in  the 
bar  form,  gave  most  excellent  results,  and  impact  and  bending-cold 
test's  of  extreme  degree  were  well  endured  while  the  surface  of  the  bar 
remained  .intact,  but  a  very  slight  nick  or  score  deprived  it  of  all 
power  to  resist. 

The  bars  of  2^'  and  2''  were  made  for  experimental  purposes,  and  the 
manufacturer  lining  present  during  the  testd,  conceived  that  he  had 
discovered  the  cause  of  the  defects,  and  prepared  the  bars  Nos.  675  to 
680,  of  Pa?,  which,  tested  as  chain  links  and  by  impact,  gave  evidence 
of  great  improvement,  the  previous  bars  of  P  having  been  deficient  in 
welding  qualities,  a  fault  that  was  inherenr,  as  shown  by  the  surfaces 
of  fractures,  which  presented  a  laminated  appearance,  showing  that  the 
welding  of  the  crude  slabs  had  not  been  complete. 

With  the  exception  of  those  made  upon  hammered  iron  and  iron  A, 
the  tests  recorded  in  the  following  tables  were  made  upon  unscored 
test-pieces.  In  all  cases  the  length  of  the  test-piece  was  equal  to  twelve 
times  the  diameter.  The  blows  were  of  the  100-pound  hammer,  dropped 
30  feet,  and  were  delivered  as  rapidly  as  possible,  the  average  in- 
terval being  about  one  minute.     After  the  tests  by  impact-hammer, 
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sach  pieces  as  remained  unbroken  were  closed  down  under  the  steam 
hammer.    Those  which  closed  completely,  without  crack,  are  marked  * 

Comparative  aiiffuew  aa  developed  by  impaot. 


i 

B 

a 

1 

^ 

1 

1 

Deflection  at  each  blow. 

1 

•d 

1 

1 

i 

% 

1 

881 

H.I. 
H.I. 

A. 

A. 

D. 

F. 

F.iBl 

F.x8 

N. 

0. 

P. 

P.  a? 

D. 

F. 
F.»l 
F.  «8 

N. 

0. 

P. 

0. 
F. 

F.«l 
F.xZ 

N. 

a 

p. 

p.» 

D. 
F. 

F.JBl 

¥.xZ 
N. 
0. 

D. 

F. 
F.«l 
F.  x8 

N. 

0. 

P. 

D. 

F. 
F.flsl 
F.xS 

N. 

0. 

D. 

F. 
F.«l 
F.X9 

N. 

0. 
P. 

D. 

F. 
F.«l 
F.a;8 

N. 

0. 

P. 
P.* 

It 
2 

14 
(( 
«* 
tl 

4» 
(t 
li 
It 
(« 
(1 

If 

»i 
«« 
l( 
II 
(i 

IJ 

it 
It 
«( 
(1 
(t 

tc 

1ft 
44 

<< 

II 

41 

41 

14 
44 
14 
44 
44 

It 

44 
4t 
«4 

It 

«4 
•  4 
(1 

41 
(4 

^\ 

t« 
41 
44 
44 
(4 
41 

o 

18 
20 
27 
20 
21 
22 
19 
20 
40 
17 
20 
20 

24 
27 
25 
25 
40 
22 
19 

80 
84 
80 
28 
28 
27 
25 
82 

40 
89 
85 
85 
80 
60 

60 
46 
40 
45 
45 
85 
45 

66 
60 
57 
60 
65 

60 

70 
76 
72 
75 

74 

78 
60 

76 
103 

90 
105 
100 
110 
100 

80 

o 

30 
83 
43 
.43 
40 
85 
82 
40 
80 
82 
43 
36 

41 
43 
41 
45 

D 
45 
40 

63 
60 
60 
66 
68 
53 
61 
60 

65 
04 
60 
68 
60 
60 

80 
82 
80 
80 
85 
70 
80 

86 

97 

98 

110 

110 

114 

112 
110 
112 
114 
115 

110 
110 

110 

o 

42 
44 

69 
68 
60 
48 
46 
60 

a 

60 
60 
60 

65 
62 

68 
65 

o 

63 
70 
78 
78 
63 
60 
60 
75 

o 

62 
93 
94 
96 

77 
75 
73 
86 

o 

95 

110 

109 

111 

90 

89 

80 

102 

o 

o 

• 

682 

683* 

684 
685 

686* 
687* 
688* 
689 

107 
96 
90 

114 

"ioi' 

107 

« 

Slight  oraok. 

Sqnaie  break. 

Slight  craok  inside  orown. 

Slight  crack  inside  crown. 

690* 

691 

682* 

693 

64 
65 
68 

80 
78 
70 
78 

80 
70 
76 

92 

100 

90 

92 

i66 

93 

100 

103 

109 

98 

no 

115 
106 
112 

"iii" 

694* 

695* 
606* 

108 

697 

698 

70 
65 

78 
72 
70 
76 
74 
74 
72 
65 

90 
90 
88 
94 

% 

116 
107 
107 
110 
115 
116 
110 

115 
116 
120 

98 
72 

90 
95 
90 
98 
100 
101 
88 
90 

112 
111 
109 
112 

112 

81 

110 
110 
110 
117 
110 
115 
112 
110 

Slight  craok  Inside  crown. 
Craok  across  crown. 

Slight  crack  inside  crown. 

689 
700 

100 

111 

701* 

702* 

703* 

704 
705 



Broke  while  closing  dowm 
Slight  crack  across  batt. 

706 

Blight  crack  inside  crown. 

707* 

708 

Slight  cracks  inside  crown. 

709 

Slight  cracks  inside  crown. 

710* 

711 

Cracked  across  butt 

712 

Square  break. 

713* 

110 

714 
715* 

Slight  cracks  across  crown. 

716* 

717* 

718 

Broke  while  closing  down. 

719* 

720* 

721 

Slight  cracks  inside  crown. 

722* 

723* 

724* 

725 

Broke  in  two  while  closing 

726* 

down. 

727* 

728* 

729* 

730* 

731 

Broke  in   two  while  closing 

782* 

mm  m 

down. 

733* 

734* 

735* 

736* 

112 

117 

737* 

738 

Broke  while  closing  down. 

739* 

740 

Cracked  while  dosing. 

741* 

UO 

10  T  M 


PART  II. 

SECTION  I. 

THE  CHAIN  CABLE* 

Stbuotubb  of  the  link  — Method  of  manufaotubb — Soubces  of  weakness 
in  the  weld-stud — a  high  tensile  strength — comparison  of  strength  of 
studded  and  unstudded  links  —  comparison  of  strength  of  end  and  side 
WELDS — Effect  upon  strength  of  under  and  oyer  work — Method  of 

TBSTINO  CHAIN  CABLES  —  PHENOMENA  OBSERVED  AND  RECORDED — TABULATED 
RECORD  OF  STRENGTH  OF  SHORT  SECTIONS  AND  SINGLE  LINKS  ~  WEIGHT  OF  CHAIN 
CABLES,  WITH  SUGGESTIONS  FOR  REDUCHONS. 

SECTION   II. 
Proof  strains  for  chain  cables,  with  recommended  proof  table  and  method 

OF  CONSTRUCnON. 
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SEOTIOM"  I. 

THE  CHAIN  LINK. 

The  sketch  Trill  show  the  parts  of  the  links  designated  as  qnarter- 
weld,  weld-butt,  &c. 


1|"  LniK,  HALP-ODSB. 

A  chain  link  consists  of  a  bolt  of  ronnd  iron,  which  has  been  bent  to 
an  oval  form,  and  the  ends  welded  together.  A  stud,  generally  of  cast 
iron,  is  introduced,  to  prevent  closure  of  the  sides  when  subjected  to 
tension,  and  kinking  of  the  chain  when  being  stowed  in  the  looker.. 

^^  Close  links"  are  made  in  the  same  manner,  omitting  the  stud. 
These  are  generally  of  small  size. 

The  bolt  for  studded  chain  is  generally  of  length  equal  to  twelve  times 
the  diaiheter;  for  "close  links,''  eleven  times. 

It  is  evident  that  the  greatest  strength  which  can  be  developed  by 
the,  link  cannot  exceed  that  of  the  combined  strength  of  the  two  sides, 
and  to  this  it  would  be  necessary  that  the  single  sectional  area  of  each 
end  of  the  link  should  be  capable  of  resisting  to  an  equal  amount  a 
transverse  strain. 

In  practice  it  is  found  that  no  link  can  be  made  which  is  twice  as 
strong  aB  the  bar  from  which  it  is  produced.  Various  causes  operate  to 
reduce  the  200  per  cent,  of  the  strength  of  the  bar  to  a  much  lower  pro- 
portion. Among  these  causes  are  those  due,  first,  to  peculiarities  of 
the  iron;  second,  to  the  process  of  manufacture,  and;  t^ird,  to  the^ect 
of  the  stud. 

The  information  gained  by  the  tests  upon  round  bars  guide  us  in  the 
selection  of  iron  which  will  probably  make  good  chain  cable ;:  but  it  does 
not  supply  all  that  is  needed. 
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Tension  tests  show  the  power  of  the  bar  to  resist  steadily  applied 
strain,  and  impact  tests  indicate  the  relative  power  of  varioos  irons 
to  withstand  suddenly  applied  strains  upon  a  transverse  section ;  hence 
from  these  we  gain  an  idea  as  to  the  possible  strength  of  the  sides  and 
ends  of  the  links,  but  no  knowledge  whatever  as  to  the  condition  of  that 
I)ortion  of  the  link  upon  which  the  weld  has  been  made. 

The  process  of  manufacture  involves  twice  reheating  and  hammering 
the  ends  of  the  bolts,  once  to  8hai>e  the  scarfs^  and  once  to  weld ;  while 
the  middle  of  the  bolt,  which  forms  the  butt  of  the  link,  receives  much 
less  heating,  and  no  hammering.  Thus  the  weld  and  butt  ends  have 
received  very  different  treatment,  and  each  end  of  the  link  has  been 
subjected  to  weal^ening  causes,  peculiar  to  itself,  the  effect  of  which  can- 
not be  foreseen,  and  which'  effect  varies  greatly  with  the  character  of 
the  iron. 

The  forging  and  reheating  have,  if  the  iron  has  already  been  suitably 
worked,  a  tendency  to  lower  the  elastic  limit  and  strength  of  the  weld 
end,  and  the  process  of  bending  affects  some  irons,  notably  those  which 
are  red-short,  ii\juriously,  thus  weakening  the  butt  of  the  link.  And 
the  introduction  of  the  comparatively  incompressible  cast-iron  stud 
alters  the  nature  of  the  strains,  and  with  common  coarse  chain  iron 
proves  a  source  of  weakness. 

If  through  none  of  these  causes  the  normal  strength  of  the  bar  is  low- 
ered, and  S  through  its  arched  form  the  end  of  the  link  is  made  as  strong 
as  the  two  sides,  we  have  a  link  whose  strength  equals  200  per  cient.  of 
that  of  the  bar.  With  this  then,  for  a  standard,  we  consider  that  the  bar 
iron,  which  in  link  form  develops  with  the  greatest  uniformity  the  great- 
est proportion  of  this  percentage,  is  the  most  suitable  for  chain  cables, 
and  that  the  development  of  a  low  or  irregular  percentage  indicates  the 
opposite. 

The  degree  of  divergence  from  the  standard  200  per  cent,  indicates 
the  relative  value  of  various  irons  for  chain  cables. 

The  most  common  source  of  weakness  of  chain  links  is  the  weld^  and 
the  degree  of  weakness  from  this  source  depends  first  upon  the  character 
of  the  iron,  and  second  upon  the  skill  and  judgment  of  the  chain-welder, 
who  has  it  in  his  power  to  make  a  worthless  link  from  the  best  iron,  ana 
to  utterly  deprive  the  results  of  competitive  tests  of  their  value. 

With  all  irons  the  weld  end  of  a  link  is  the  weak  end.  With  some,  the 
loss  of  strength  by  ordinary  welding  is  so  great  that,  however  valuable 
they  may  be  for  other  purposes,  as  chain  iron  they  are  worse  than 
worthless. 

The  following  data,  as  to  location  of  rupture,  demonstrates  clearly  the 
above  statement  to  be  true: 

Location  of  ruptures  of  435  linJca, 
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Thus  in  the  rapture  of  435  links,  333  of  them  broke  at  the  weld  end, 
86  at  the  butt  end,  and  16  on  the  side. 

The  most  ordinary  location  of  the  rupture,  if  we  except  irons  Fa?,  F, 
L,  M,  and  Pa?,  was  at  the  quarter  of  the  weld,  which  rupture  is  produced 
by  a  resolution  of  the  force  of  direct  tension  and  the  resistance  opposed 
by  the  stud. 

Fa?,  F,  and  Pa?  were  all  irons  which  had  received  a  great  amount  of 
work,  and  whose  welding  qualities  were  by  it  impaired.  L  was  a  weld- 
steel,  and  iron  M,  which  furnishes  79  out  of  the  116  ruptures  through 
the  weld,  was  of  a  most  complex  structure,  as  may  be  seen  by  the  tables 
of  analysis.  Copper,  phosphorus,  silicon,  nickel,  and,  in  some  cases, 
chromium  gave  to  this  iron  most  remarkable  qualities. 

An  examination  of  the  records  of  the  strength  of  links  and  of  the  per- 
centage of  the  bar's  strength  developed  by  the  links  will  show  that  all  of 
those  links  which  broke  "through  the  weld''  were  very  weak  and  irregu- 
lar in  both  factors.  Hence,  an  iron  whose  weld  is,  through  any  cause, 
unreliable  is  not  suitable  for  cable. 

Among  the  causes  which  produce  deficiency  in  welding  properties, 
there  are  two  which  produce  great  temicity  in  the  bar,  viz,  chemical  pecu- 
liarities and  excessive  workj  therefore,  when  excessive  tensile  strength 
is  found  to  exist  in  a  bar  as  tested  by  tension,  it  should  be  regarded  as 
a  probable  indication  of  deficient  welding  properties.  As  may  be  seen 
by  the  record  of  tension  and  impact  compared,  high  tenacity  in  the  bar 
frequently  indicates  a  lack  of  power  to  resist  sudden  strains.  Therefore, 
in  judging  iron  by  tensile  strength  alone,  it  should  be  considered  as  more 
than  probable  that  the  strongest  bars  will  produce  the  weakest  cables, 
although  there  will  undoubtedly  be  in  each  of  such  cables  a  few  links 
with  greater  strength  than  can  be  developed  by  irons  of  less  tenacity. 

THE  "WELD. 

A  few  notes  in  regard  to  the  weld  may  have  a  value,  as  they  are  founded 
upon  observation  in  the  shop. 

In  making  150  fathoms  of  chain,  which  length  generally  constitutes 
a  cable,  there  are  of  welds  from  2,925  in  V  to  1,500  in  2".  These  are 
probably  made  by  a  dozen  different  chain- welders,  each  of  whom  has 
a  habit,  which  he  will  not  readily  change,  by  which  he  judges  of  the 
proi)er  heat  and  the  degree  of  rapidity  with  which  he  should  make  his 
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weld.  Different  welders  have  very  different  ideas  and,  unless  the 
iron  which  is  being  worked  on  will  permit  considerable  variation  in  the 
temperature,  it  is  probable  that  the  resultant  links  will  vary  greatly  in 
value.  If  eleven  out  of  the  twelve  judge  correctly,  the  error  of  the 
other  man  may  render  valueless  all  of  their  labor/ 

Irons  in  which  there  is  much  carbon  require  to  be  welded  at  a  very 
low  heat ;  phosphorus  in  excess  calls  for  the  same.  Coarae  iron  with 
much  slag  requires  a  high  heat  and  hard  hammering,  and  even  then 
there  is  a  liability  for  "  faces''  to  lorm  throughout  the  whole  surface  of 
the  lap,  which  faces  simply  stick  together  and  are  liable  to  draw.  A 
very  close,  fibrous  iron  also  requires  a  high  heat  and  hard,  rapid  ham- 
mering ;  the  reason  for  which  is  that  the  heavy  blows  previously  required 
to  make  the  scarf  or  lap  have  so  amalgamated  the  fibers  one  with  another 
that  when  the  two  laps  are  brought  into  contact  the  fibers  of  each  do 
not  intermingle  thoroughly,  and  they,  too,  are  frequently  simply  stuck 
together,  adhesion  taking  the  place  of  a  process  similar  to  felting,  which 
occurs  in  welding  an  iron  with  a  rather  open  fiber.  With  this  a  low  heat 
is  required,  which  seems  to  penetrate  and  expand  the  fibers  so  that  they 
intermingle  and  the  two  laps  are  held  together  by  a  net- work.  Moder- 
ate hammering  is  necessary  with  this  type  of  iron,  which  is  seldom  found 
to  possess  great  tensile  strength,  but  nearly  always  has  great  resili- 
ence. 

An  iron  in  which  sulphur  is  in  excess  can  be  bent  and  welded  at  a  high 
heat,  but  the  more  moderate  heat  at' which  the  bend  and  scarf  are 
usually  made  is  trying  to  it,  and  *^  red-short  UnJcs^  are  frequently  cracked 
in  bending. 

Comparison  of  value  of  end  and  side  welds. 

The  weld  thus,  as  has  been  shown,  proving  its  claims  to  be  considered 
as  the  weak  place  of  the  link,  it  was  considered  desirable  to  ascertain  if 
a  change  in  its  location  would  have  any  tendency  to  strengthen  it.  At 
some  private  manufactories  a  system  has  been  introduce  of  making 
the  weld  upon  the  side  of  the  link  by  means  of  a  machine  which  bent 
and  welded  the  link  at  one  operation.  We  procured  a  number  of  short 
sections  of  cable  which  had  been  made  in  this  manner,  purchasing  them 
from  the  manufacturer,  who,  at  the  same  time,  supplied  us  with  a  few 
bars  of  the  iron  from  which  the  cablfe  was  made ;  from  these  bars  we 
prepared  links  in  the  usual  manner,  and  connected  sections  of  the  ma- 
chine-made side- welded  links  with  the  hand-made  end-welded  ones,  and 
subjected  these  combined  sections  to  tension. 

Eight  such  tests  were  made,  and  in  every  ca^e  the  weld  of  the  machine- 
made  link  drew  apart  at  the  following  strains,  the  iron  being  1^"  in 
diameter,  viz:  80,830  pounds,  78,144  pounds,  76,608  pounds,  66,640 
pounds,  88.280  pounds,  65,660  pounds,  83,520  pounds,  67,000  pounds. 

Three  or  the  couplets  of  end- welded  links,  which  had  resisted  the 
strains  which  had  broken  the  side-welded  links  with  which  they  were 
connected,  were  retested,  and  broke  at  89,000  x>ounds,  97,000  pounds, 
and  98,000  pounds. 

In  order  to  ascertain  whether  the  deficiency  in  strength  of  the  side- 
welded  links  was  due  to  the  location  of  the  weld  or  to  their  having  been 
made  by  machine- work,  a  set  of  couplets  (two  links  connected)  was 
made,  of  which  in  each  case  one  link  was  welded  upon  the  side  and  the 
other  upon  the  end,  all  being  made  by  the  same  smith.  Upon  testing 
these  couplets  (two  in  number)  in  one  case  the  side  weld  drew  at  81,000 
ix)unds,  and  in  the  other  it  broke  where  welded  at  87,200  pounds.  The 
two  end- welded  links  were  then  broken  at  99,000  and  101,000  pounds. 
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These  erperiments  indicate  that  we  cannot  strengthen  the  link  by 
changing  the  location  of  the  weld,  and  oar  only  resource  is  to  select 
such  iron  as  is  least  ii\jured  by  the  process  of  welding. 

THE  STUD. 

Discussion  of  its  effect  upon  the  linJc, 

The  second  cause  which  tends  to  reduce  the  strength  of  links  made 
from  certain  types  of  iron  is  the  stud. 

Our  experiments  lead  us  to  consider  that  the  opinion  which  is  gen- 
erally entertaine<l,  and  which  is  backed  by  the  most  eminent  authorities^ 
that  the  studded  link  is  stronger  than  the  unstudded  one  made  from  the 
same  iron,  is  erroneous,  both  in  principle  and  in  fact. 

Bankin,  in  his  '^  Manual  of  Machinery,''  says,  *'An  unstudded  chain  has 
about  two-thirds  of  the  strength  of  a  studded  chain  of  the  same  diame- 
ter of  wire.'' 

John  Anderson,  LL.  D.,  superintendent  of  machinery  to  the  War  De- 
partment, Woolwich,  in  a  work  published  in  1872,  says,  "  It  is  to  be 
noted,  whatever  the  explanation  may  be,  that  the  stayed-link  chain, 
when  made  of  the  same  diameter  of  iron  as  the  open-link,  is  stronger 
than  the  other  in  the  proportion  of  9  to  6;  the  ofSce  of  the  stud  is  to 
prevent  the  collapse  of  the  link  and  thereby  intercept  the  shearing  ac- 
tion due  to  the  wedge  action  of  one  link  within  the  other." 

American  authorities  coincide  with  the  above  opinions,  with  which, 
however,  we  entirely  differ.  Theoretically  it  should  not  be  stronger, 
actually  it  is  weaker  than  the  oi>en-link,  especially  if  both  are  made  of 
coarse  brittle  iron. 

To  discuss  the  case  in  its  most  general  aspect,  we  will  consider  the 
link  to  be  reduced  to  a  line,  and  in  the  accompanying  diagram  let  the 
lateral  points  represent  the  extremities  of  this  line  and  the  upper  and 
lower  points  PP  the  extremities  of  the  stud. 


s 


Diagram  illastrating  the  action  of  the  stud. 

A  strain  being  applied  longitudinally  sufficient  to  produce  a  change 
of  form  in  the  Unk,  the  tendency  of  the  component  of  the  tension  at  a 
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right  angle  to  the  axis  of  the  link  to  draw  the  sides  together  is  resisted 
by  the  stnd,  and  we  have  at  either  of  the  four  points  of  the  link  the 
familiar  case  of  a  load  applied  to  the  middle  point  of  a  line  whose  ex- 
tremities are  fastened. 

Bepresenting  the  total  strain  npou  the  cable  by  iS,  the  tension  on 
either  side  of  the  link  by  t,  the  resistance  of  the  stud  by  j?,  and  the 
angle  at  either  vertex  by  2a,  the  parallelogram  of  forces  gives  the  reso- 
lution indicated  by  the  diagram,  and  the  equation — 

8  =  2t  cosin  a  =  p  cotan,  a 
p  =  8  tan  a       =  2t  sin  a 

2  cos  a  2  sin  a 

Supposing  a  constant  strain  8,  as  the  angle  a  increases,  t  andp  increase 
rapidly,  to  the  extreme  case  of  a  =  90^,  when  t  and  p  are  infinite. 

Of  these  four  quantities,  the  interdependent  relations,  which  are  so 
manifest  in  theory,  will  be  modified  in  practice  by  the  character  of  the 
iron  from  which  the  link  is  made. 

The  equations  indicate  that  when  the  links  are  without  studs  they 
might  stretch  until  they  nipped  each  other  and  then  be  in  the  best  pos- 
sible position  to  resist  stress,  Ihe  sides  being  parallel  and  separated  but 
by  their  own  diameter,  the  ends  so  closed  together  that  the  stress  is 
received  and  transmitted  through  bearing  surfaces  much  greater  than 
before  the  parts  had  yielded  to  stress. 

Our  experience  in  testing  cable-links  showed  us  that  with  all  classes  of 
iron  this  tendency  to  assume  the  strongest  possible  form  existed,  but  in 
very  different  degrees,  and  in  this  difference  we  find  a  possible  reason 
for  the  different  conclusions  that  have  been  arrived  at  by  the  English 
experimenters  and  by  ourselves.  The  English  use  for  chain-cables  iron 
of  great  tenacity,  and  the  studs  to  their  links  are  made  of  malleable  iron. 

Our  experiments  have  been  made  both  with  links  of  iron  of  similar 
character  and  with  others  made  from  iron  with  medium  and  low  tenac- 
ity, but  with  great  ductility  and  power  of  flexure.  In  all  cases  we 
have,  however,  used  the  ordinary  cast-iron  stud. 

The  links  made  from  ductile  iron  would  under  tension  assume  as  closely 
as  possible  the  strongest  form,  as  indicated  by  the  equation. 

One  side  of  the  link  would  become  straight,  pressing  the  stud  against 
the  other  side,  until  the  latter  had  buckled  to  considerable  extent,  when 
the  rupture  would  take  place  ux)on  this  greatly  arched  side,  the  iron  tear- 
ing apart  as  shown  in  Figs.  1,  2,  and  3  in  the  accompanying  illustration. 

If  the  link  were  made  of  coarse,  hard  iron,  with  little  ductility,  the 
stress  upon  the  sides  would  not  be  relieved  by  the  closure  of  either,  but, 
both  resisting  the  change  of  form,  would  yield  to  the  stress,  which  would 
be  resolved  by  the  stud's  resistance  into  a  transverse  strain,  and  the  link 
after  rupture  would  appear  as  is  shown  in  Figs.  6  and  7  of  the  illustra- 
tion,'the  fracture  being  nearly  at  right  angles,  and  showing  a  square 
cut  across  the  fibers.  If  made  of  iron  with  defective  welding  properties, 
one  link  would  cut  its  way  through  the  welded  end  of  the  other  at  a 
stress  not  suficient  to  either  produce  closure  or  break  the  iron  where 
it  had  not  been  tbrged.  Fig.  5  illustrates  this  type  of  fracture,  it  being 
taken  from  a  link  of  iron  M. 

Fig.  4  illustrates  the  type  of  fracture  common  to  a  very  soft  iron,  which 
occurs  sometimes  through  the  weld  end  and  sometimes  through  the  butt, 
lu  some  respects  it  resembles  that  shown  in  Fig.  5,  but  examined,  it  will 
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be  seen  that  in  case  of  the  latter  there  was  no  redaction  of  area  at  fract- 
ure and  no  indication  of  an  attempt  to  close,  while  in  Fig.  4,  with  one 
side  nearly  straightened  and  the  iron  near  the  fracture  reduced  greatly, 
it  can  be  seen  that  simple  lack  of  the  necessary  hardness  was  the  cause 
of  the  break  through  the  end. 

Fig.  4  is  from  a  link  of  iron  F,  which  was  very  ductile;  the  diminution 
of  area  was  so  great  that  sufGicient  was  not  left  to  resist  the  stress. 

Experiments  made  upon  iron  of  the  type  shown  in  Figs.  1,  2,  and  3, 
showed  that  the  excess  of  the  strength  of  the  unstudded  link  over  that 
of  the  studded  ranged  from  12  to  17  per  cent.,  averaging  about  15  per 
cent,  of  the  strengthof  the  studded  links,  while  with  links  made  of  iron 
from  the  class  shown  in  Figs.  6  and  7,  the  excess  of  strength  was  about 
5  per  cent.,  as  shown  by  the  following  tests: 

Experiments  upon  comparative  strength  of  gtvMed  and  unstudded  links 
made  from  softj  ductile  irons  (C  and  F).    Diameter  of  iron  li'\ 

The  links  were  arranged  in  seven  section  of  three  links  each,  of  which 
the  center  link  was  in  each  case  an  open  one,  and  the  two  end  links  (E 
L)  of  the  test  were  connected  to  the  proving-bar  by  means  of  links  of 
considerably  greater  diameter  (l-r^'O*  ^^^  stress  being  thus  trans- 
mitted and  received  through  bearing  surfaces  of  greater  extent  than  in 
case  of  the  open  links,  they  should  have  resisted  more  strain  had  the 
strength  of  the  two  styles  of  link  been  equal. 

•  After  pulling  each  section  until  one  of  the  links  broke,  the  pair  re- 
maining, was  again  pulled  till  one  broke,  and  finally  the  unbroken  remain- 
ing link  was  broken. 

The  results  of  tests  were  as  follows: 
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02,544 

7 

1 

E.L. 

67, 200 

8 

2 

0..  0. 

0. 

104,064 

7 

1 

0. 

E.L. 

89,280 

4 

8 

Pin. 

85,632 

7 

1 

0. 

Pin. 

82,176 

4 

3 

S.,  Om  s. 

S. 

98,688 

7 

1 

0. 

0. 

109,632 

The  bar  from  which  sections  Fos.  1  and  2  were  made  had  a  tensile 
strength  of  59,000  pounds:  Nos.  3  and  4  were  from  bars  with  tensile 
strength  of  57,000  pounds }  i^os.  5  and  0  from  bars  with  54,000,  and  No. 
7  from  a  bar  with  57,700  pounds  tensile  strength. 

In  every  case  when  there  were  both  open  and  studded  links  connected 
the  studded  link  first  broke.  In  six  tests  the  open  link  of  1^^'  diameter 
of  good  iron  broke  the  1-^''  link  of  inferior  iron,  and  twice  the  shackle- 
pin  of  steel. 

The  maximum  stren^h  of  the  studded  links  on  the  first  puU  was 
96,960  pounds ;  the  minimum,  79,488  pounds;  the  average  of  six^  88,030. 

in  tluree  cases  where  a  studded  link  was  pulled  the  second  time,  the 
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maximum  strengtli  was  98,688  poands,  minimam  80,088  poands,  and 
average  93,188  pounds. 

The  maximum  strength  found  in  an  ox>en  link  was  109,6;52  pounds  on  a 
sixth  pull,  the  uext  105,576  on  a  second  pull,  and  the  minimum  upon  any 
pull  was  82,170  pounds,  the  average  strength  of  eight  being  101^327 
pounds,  the  inferior  iron  (contract  chain-iron)  of  which  the  end  Imks 
were  made  breaking  upon  second  and  third  pulls,  at  Irom  67,200  pounds 
to  96,000  pounds,  averaging  82,383  pounds.  From  which  we  deduce  that 
of  the  same  iron  an  unstudded  cable  would  have  exceeded  in  strength  the 
studded  one  in  actual  strength  over  13,000  pounds,  or  15  per  cent.,  and 
that  after  having  been  subjected  to  stress  sufficient  to  break  the  studded 
links  the  unstudded  cable  would  have  still  proved  reliable  j  and,  further, 
that  a  vessel  provided  with  a  studded  cable,  made  of  this  good  chain- 
iron  of  1^'^  diameter,  of  which  150  fathoms  would  weigh  five  tons,  woiUd 
have  possessed  more  reliable  ground-tackle  than  if  Uie  cable  had  been 
of  the  1^''  contract-iron,  weighing  eight  tons. 

During  the  experiment  recorded,  several  times  it  happened  that,  either 
through  the  stress  or  the  recoil,  one  of  the  studded  links  became  an  open 
one  by  the  stud  splitting  and  flying  out. 

A  second  series  of  exx>eriments  was  made  with  links  made  fix>m  iron 
B,  a  strong  but  brittle  iron  with  good  welding  qualities.  Ten  pairs  of 
open  links  and  ten  of  studded  links  were  prepared  and  tested  by  ten- 
sion, with  results  as  follows: 

Comparison  of  the  strength  of  studded  and  open  links  of  iron  B,    Size  of  irony  1^", 


Studded  links. 

Open  links. 

Number 

Stress  in  pounds  at — 

Stretch  of 
unbroken 
link. 

Number 
of  test. 

Stress  in  pounds  at— 

Stretch  of 
unbroken 
link. 

of  test. 

First  stretch. 

Buptore. 

First  stretch. 

Buptnre. 

1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

62,000 
62,500 
69,000 
66.000 
57,700 
69,000 
67.500 
57,000 

62,'506"" 

154,000 
149,000 
160,000 
162.000 
151, 700 
139,600 
140. 000 
154.700 
152,600 
155,  040 

// 

1.06 
1.60 
1.60 
1.60 
1.44 
L20 
1.20 
1.20 
1.44 
1.12 

11 
13 
13 
14 
16 
16 
17 
18 
19 
20 

49,200 
65,700 
46,000 
49,000 
63,000 
60,000 
60,000 
57,000 
66,000 
50,000 

168,400 
156,800 
164.650 
157,000 
169,600 
163,200 
160,000 
161, 700 
147, 300 
162,000 

1.25 
1.30 
1.75 
1.62 
1.44 
1.76 
1.25 
1.44 
L32 
1.12 

60,250 

149,864 

L32 

61,490 

167, 055 

1.45 

The  average  strength  of  the  open  link  exceeded  that  of  the  studded 
7,191  pounds,  or  4.8  per  cent,  of  the  strength  of  the  latter,  and  seven  of 
the  open  links  were  stronger  than  the  strongest  of  the  studded  ones. 

The  lower  stress  at  which  the  form  of  the  open  link  begins  to  change, 
and  the  increased  elongation  produced  by  stress,  indicate  that  the  stua 
has  its  value,  but  in  its  use  it  is  desirable  to  know  its  exact  effect. 

The  appearance  of  links  with  and  without^ud,  when  strained  to  the 
point  of  rupture  of  the  former,  is  shown  in  the  accompanying  cut,  which 
is  taken  from  a  photograph  of  a  section  of  iron  0, 1%"  links,  whicn  broke 
at  a  stress  of  207,000  pounds. 
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The  first,  third,  and  fifth  links  were  withoat  stud,  the  second  and 
fourth  studded,  the  rupture  taking  place  on  the  second  link,  it  being 
the  nearest  studded  link  to  the  engine  which  produced  the  stress. 

With  links  made  firom  a  ductile  iron,  the  stud  preventing  closure  of 
the  sides,  the  two  ends  are  drawn  down  to  a  lozenge  shape,  or  one  side 
of  the  link  straightens,  while  the  other,  being  forced  outward,  tears  apart 
at  the  quarter,  the  weld  being  frequently  pried  open. 

If  tiie  material  is  coarse  and  not  ducdle,  the  sides  will  break  trans- 
veroely  through  the  leverage  of  the  stud. 

Whatever  the  nature  of  the  material  of  which  the  link  is  made,  the 
stud  is  a  source  of  weakness,  it  causing  the  brittle  iron  to  break  trans- 
versely, and  subjecting  the  moreductile  to  undue  crushing  and  shearing. 

In  additicm  to  the  evidence  given,  abstracts  from  our  tests  show  that 
in  breaking  33  sections  of  links  of  irons  ¥xj  D,  O,  and  N,  which  were 
composed  of  both  studded  and  unstudded  links,  in  ^9  eases  the  link 
which  broke  was  a  studded  one. 

From  the  facts  recorded,  we  feel  that  we  are  justified  in  saying  that, 
beyond  doubt,  when  made  of  American  bar-iron,  with  cast-iron  studs, 
the  studded  link  is  inferior  to  the  unstudded  one  in  strength. 

Therefore  we  place  the  stud  as  next  to  the  weld  among  the  elements 
which  tend  to  prevent  the  individual  links  from  developing  tile  utmost 
IK>ssible  strength. 

Note  by  the  Editob. — Although  the  evidence  furnished  by  daily 
repetitions  of  experiments,  for  a  peri<Mi  of  nearly  two  years,  was  sufficient 
to  convince  all  who  were  engaged  in  the  practical  worRof  testing  chain- 
cables  to  destruction,  that  the  unstudded  link  was  stronger  than  the 
studded,  yet  the  portion  of  such  evidence  embodied  in  the  preceding 
paper,  failed  to  settie  the  question  definitely,  and  the  views  advanced, 
have,  since  the  publication  of  this  report,  been  subject  to  adverse  criti- 
cism, not  only  in  this  country,  but  in  the  columns  of  several  English 
journals  and  papers.  But  one  of  the  articles  published,  in  which  issue 
was  taken  with  the  conclusions  of  the  United  States  board,  gave  any 
facts  or  data  to  support  the  assertion  that  we  were  evidently  wrong. 
The  article  referred  to  was,  however,  one  the  source  of  which  entitl^ 
it  to  credit,  for  it  was  based  upon  the  results  of  a  series  of  experiments 
carried  on  by  order  of  the  Bureau  of  Equipment  of  the  Navy  Depart- 
ment by  officers  of  the  Navy,  at  the  navy-yard  in  Washington,  and  the 
tests  were  made  by  the  same  machine  which  had  been  used  by  the 
board,  and  from  this  series  of  experiments,  almost  identical  in  their 
nature  with  those  which  had  been  carried  on  by  the  editor,  and  upon 
which  the  views  of  the  board  in  regard  to  the  eflFect  of  the  stud  were 
based,  a  conclusion  was  drawn  which  was  directly  the  opposite  of 
that  of  the  board;  and  this  conclusion  was  embodied  not  only  in  an 
official  report,  but  in  an  article  on  chains  and  chain-iron,  which  was 
published  in  the  Quarterly  Service  Magazine,  of  August,  1880,  as  fol- 
lows: 

<^  There  is  a  great  differenee  of  opinion  as  to  what,  if  any,  benefit  there 
is  to  the  chain  by  the  introduction  of  the  stud.  It  has  always  been  held 
until  lately  that  the  cable  is  thereby  increased  in  strength.  Luce  in  his 
Seamanship,  says  <  the  cable  is  strengthened  one-fourth,'  while  Beardslee 
in  his  Iron-Board  Tests,  says  ^  the  stud  weakens  the  chain.'' 

One  hundred  triplet  samples  were  made  expressly  for  test,40  of  them 
without  studs,  30  with  cast-iron,  and  30  with  wrought- iron  studs;  these^ 
on  being  pulled  to  destruction,  stood  as  follows:  wrought-iron  studs, 
fixst;  cast-iron  studs,  second;  without  studs,  last." 
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This  result,  so  opposite  to  those  obtained  by  the  committee  of  the 
board,  naturally  attracted  the  attention  of  the  chairman,  under  whose 
supervision  the  tests  recorded  by  the  board's  report  had  been  made,  and 
who  was  responsible  for  the  views  arrived  at,  whether  erroneous  or 
otherwise^and  the  chief  of  the  bureau  of  equipment,  Commodore  Earl 
English,  U.  S.  K.,  very  kindly  acceded  to  his  request,  and  not  only 
furnished  to  him  a  copy  of  the  report  in  detail  of  the  experiments,  but 
authorized  a  further  investigation  of  the  suliject. 

The  following  is  the  recoil  in  detail  of  the  strains  at  which,  the  links 
referred  to  were  broken : 


[Abttnot  ttom  reoocds  at  naTj-yard  Washington,  D.  C] 
CkmpetUwe  tmU  upon  100  •Aor«Mcfi(m«  off  IV  ekain  Unko-^  Unko  in  oack  BecUon, 

[30  fitted  with  caat-iron  etada ;  80  fitted  with  wroaght-iTon  stnds ;  80  of  fall-length  bolt  without  studa  i 
10  of  diortened  bolt,  without  stada.    Teata  were  made  in  January,  1880.] 


I 

O 

I 


8 
4 

6 
6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
80 
Av, 


Studded  linka. 


Caatiron. 


CO 


Poundt. 

158,600 
168,600 
171,000 
172.000 
165,000 
167,000 
162,000 
163,000 
153,000 
152,400 
175,000 
177,600 
163,000 
153,000 
155,000 
162,000 
163,000 
167,600 
168,600 
163,000 
175,000 
175,000 
16H,600 
176,000 
147, 600* 
162,000 
168,600 
168,600 
167,600 
163,000 
165,080 


t 

.a 

i 


?r.W... 
hro.W. 
Qr.W... 
...do  — 
...do  .... 
...do.... 
Thro.  W. 
Qr.  W... 

. .  .do 

Thro.W. 
Qr.W... 
...do .... 
...do  .... 
Or.  batt . 
Qr.W... 
...do .... 
...do.... 
Thro.  W 
.. .do  .... 
Qr.W... 
...do  .... 

...do 

do  .... 

...do  .... 
..  do  .... 
Thro.  W. 
....do  .... 

»  •  .  a  tXO    .... 

— do  .... 
do  .... 


Wrought  Iron* 


Pounda. 
173, 000 
164,000 
175,000 
158,600 
176,600 
159,600 
169,600 
161,600 
166.000 
166,600 
153,000 
160,000 
184.000 
179,600 
183.000 
160.600 
185^000 
108,600 
155,600 
145,600* 
162,000 
154,000 
178.600 
173,000 
174,000 
145,600* 
165,600 
157, 600 
178,000 
160,000 

166,366 


I 


Qr.W.... 
.7.  do 

Thro.  W.. 

Qr.W.... 

— do 

do 

. .. .do  ..... 

....do  ...... 

— do 

Thro.W.. 

Qr.W.... 
...  do 

Thro,  butt 
do 

Qr.W.... 

do 

....do 

do 

. . .  do  . .  . . 

Thro.  W.. 

Qr.W.... 
do 

Thro.  W.. 

Qr.W.  .. 

Thro.  W.. 

Or.  W... 

Or  butt.. 

Thro.W.. 

Or.  side... 

Thro.  W.. 


TTnatadded  Idnka. 


Follalae. 


Poundi. 
157, 600 
186,600 
175,600 
170.000 
120,000* 
177,600 
143,000* 
156,000 
155,000 
154,000 
173,000 
110, 000* 
163,000 
159.600 
162.000 
163,000 
166.000 
135,600* 
138,600* 
117,600* 
172,000 
165,000 
168,600 
163,600 
174.000 
155,600 
167,600 
175,000 
155.600 
135,600* 
157,218 


I 

I 


Thro.W... 

Qr.W 

.. .do  ...... 

...do 

Thro.  W... 

Qr.W 

...do 

Thro.  W... 
...do ...... 

. .  .do  ...... 

. .  .do 

Thro,  sides 
Thro.W... 
...do  ...... 

do 

Qr.W 

do 

Thro.  W... 
do  ...... 

!r.  W.   ... 

hro.  w ... 

...do 

Qr.W 

— do 

Thro.W... 
...do 

?r.W 
hro.  W... 
...do 


Close  linka. 


i 


CQ 


Poundt. 
145, 600 
165,000 
148,600 
177,600 
128,600 
145,600 
137,600 


152,000 

105,000 

172,000 

158,760 


I 

§ 


All  through 
weld  end  of 
linka. 


*  Tests  nuvked  *  are  referred  to  fai  the  following  diaonsdon. 

The  bolts  firom  which  the  ten  sections  marked  <^ close  links"  were 
made  were  shortened  from  12  to  11  diameters. 

The  officer  under  whose  supervision  the  foregoing  tests  were  made^ 
after  a  discussion  of  the  data,  concludes  as  follows :  ^^It  is  found,  con- 
trary to  Commander  Beardslee's  book  on  chain  cables,  and  the  report  of 
the  United  States  board  that  cables  with  studs  are  stronger  than  those 
without  them  (this  is  with  iron  manufactured  at  the  equipment  rolling- 
mill),  and  agrees  with  results  obtained  in  England  upon  other  irons." 

Alter  careful  examination  of  the  data  furnished,  the  editor  &ils  to 
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peiceive  that  its  nature  is  such  as  to  present  any  proof  that  the  views 
hitherto  expressed  by  the  United  States  boaixL  are  erroneous,  and  he 
would  respectfully  submit  the  following  analysis  and  discussion  of  the 
evidence: 

The  question  is,  simply,  which  is  the  stronger^  a  link  with,  or  one  with- 
out a  cast-iron  stud,  and  the  data  as  furnished  is  of  a  nature  that  it  can 
be  used  to  prove  either  or  both  sides  of  the  question. 

For  our  purposes  it  will  be  treated  exactly  as  have  been  all  other  col- 
lections of  data  from  which  the  conclusions  given  in  this  report  have 
been  drawn,  and  the  facts  given  will  not  be  twisted  or  warped  to  fit  any 
preconceived  theory. 

First,  the  mewna  as  given  will  be  considered,  if  the  evidence  pre- 
sented by  them  is  to  be  accepted  as  conclusive,  the  verdict  in  favor  of 
the  superior  strength  of  the  studded  links  is  not  without  foundation,  for 
the  mean  of  breaking  strains  of  30  of  this  type^  exceeds  that  of  30  unstud- 
ded  links  by  8,000  pounds. 

The  question  arises,  is  this  difference  so  great  that  it  is  beyond  doubt 
due  to  the  presence  or  absence  of  the  studt  If  links  of  the  same  type 
differ  in  strength  by  equally  as  great  an  amount  it  will  be  fair  to  assume 
tliat  this  difference  may  be  due  to  some  cause  other  than  the  stud. 

Examining  first  the  recorded  breaking  strains  of  the  30  studded  links, 
we  find  between  the  maximum  strength,  177,600  pounds,  and  mini- 
mum, 147,600  pounds,  a  difference  of  30,000  pounds ;  between  the  pair 
next  to  maximum  and  minimum,  viz,  176,000  and  152,400,  a  difference 
of  23,600  pounds;  between  the  next  pair  a  difference  of  22,000  pounds; 
and  it  is  not  until  the  sixth  pair,  viz,  Kos.  3  and  6,  is  reached  that  tlie 
difference  diminishes  to  that  which  exists  between  the  two  varieties, 
and  there  are  10  of  the  30  sections  tested  which  differ  from  the  average 
strength  of  the  series  by  more  than  9,000  pounds.  The  other  type  pre- 
sents the  same  irregularities  within  itself. 

Therefore  it  cannot  be  considered  as  certain  that  the  difference  of 
8,000  x>ounds  between  the  two  types  settles  the  question,  for  compared 
witJi  the  differences  existing  in  strength  of  links  of  the  same  tyx>e  it  is 
but  trifling. 

The  next  question  which  arises,  is  as  to  the  propriety  of  incorporating 
in  << means"  results  which  are  evidently  anomalous.  In  the  construc- 
tion of  the  various  tables  of  this  report  such  results  are  given,  for  they 
funish  valuable  evidence  upon  other  points,  such  as  uniformity  of  iron, 
skill,  or  want  of  it,  of  the  chain-welder,  &c.,  but  they  are  not  allowed 
to  affect  the  value  of  means,  by  distribution  of  the  defects  of  individual 
samples  among  many  which  do  not  present  evidence  that  they  also 
are  defective.  Averages  to  have  value  should  be  made  up  of  factors  of 
some  uniformity.  For  instance,  the  weight  of  chain  cables  of  different 
sizes  cannot  be  ascertained  even  approximately  by  an  average  obtained 
fbom  irregular  numbers  of  1''  and  2"  chains ;  neither  can  the  normal 
strength  of  any  size  or  type  be  predicated  by  an  average  made  from 
tests  of  well-made  and  badly-made  links.  There  is  a  positive  limit  to 
the  strength  of  a  well-made  link ;  it  cannot  exceed  200  per  cent,  of  the 
bar^s  strenght.  Hiere  is  no  limit  to  the  amount  of  deterioration  which 
can  be  caused  by  humed  welds* 

In  classifying  certain  results  as  anomalous,  and  due  to  faults  incident 
to  the  individual  cases  it  is  necessary  to  establish  a  standard,  wide  varia- 
tion from  which  should  justify  suspicion. 

In  the  present  examination  the  standard  sought  for  is  the  normal 
strength  of  a  section  of  chain  link  ma^ie  from  1\"  iron,  suitable  for  chain 

cables. 
The  table  on  page  207,  <*  Probable  strength  of  cables,"  furnishes  a 
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standards  which  are  the  results  of  much  stady.  In  it  we  find  that  the 
maximum,  average,  and  minimum  strengths  for  the  size  are  182,000, 
174,500,  and  166,000  pounds  (round  numbers).  Comparing  the  records 
under  discussion  with  these  standards  we  find,  first,  that  the  average 
strength  of  the  60  studded  links,  165,670  i)Ounds,  approximates  closely 
to  the  minimum,  and  that  of  them  none  of  those  with  cast-iron  studs  reach 
the  maximum,  which  is  exc^ded  by  three  with  wrought-iron  studs,  and 
equaled  by  the  mean  of  five  of  the  latter ;  hence  strength  approxi- 
mating to  182,000  pounds  need  not  be  considered  as  anomalous,  and 
the  average  standard  is  equaled  by  the  mean  of  ten  of  the  cast-iron 
studded  links  and  by  that  of  fifteen  of  those  with  wrought-iron  studs. 

Of  the  sections  without  studs  we  find  that  one  test,  Ko.  2,  exceeds 
the  maximum,  and  the  mean  exceeds  the  average  standard. 

From  this  we  can  deduce  that  the  normal  strength  of  many  of  these 
sections  of  both  types  was  fully  up  to  the  standards,  and  that  in  every 
case  where  a  comparatively  low  strength  was  found  it  was  due  to  some 
cause  other  than  the  stud,  and  that  such  result  should  not  be  allowed 
to  enter  into  the  solution  of  the  problem. 

Previous  experiments  have  determined  that  the  greatest  variation 
irom  the  standards  which  should  be  allowed  is  10  per  cent. ;  beyond  this 
there  is  in  all  probability  a  defect  in  the  links,  and  to  obtain  a  fair 
average  of  the  strength  of  the  sections  under  investigation  none  which 
broke  under  150,000  pounds  should  be  counted. 

Omitting  from  the  record  such  breaks,  we  eliminate  from  cast-iron 
studded  links  iNo.  25,  from  the  wrought-iron  studs  Nos.  20  and  26,  and 
from  those  without  studs  Nos.  5,  7, 12, 18, 19,  20,  and  30. 

With  this  correction  the  means  become  29  cast-iron  studs,  165,680 
pounds;  28  wrought-iron  studs,  167,730  pounds;  23  without  studs, 
165,870  pounds;  or,  making  a  general  average,  the  mean  of  80  tests  of 
If  links  is  166,468  pounds,  from  which  neither  of  the  types  vary  one 
pereent 

The  reason  why  so  large  a  proportion  of  the  defective  links  were  of 
those  without  studs  cannot  be  ascertained  with  certainty.  In  our  judg- 
ment the  absence  of  the  stud  had  no  infiuence  whatever,  and  the  weak- 
ness was  probably  due  to  unskillful  welding ;  the  iron  was  probably 
burned.  Whether  the  preponderance  against  the  studless  link  wa«  due 
to  accident  or  design  can  be  only  conjectured,  but  it  is  noticeable  that 
while  but  18  of  the  60  (30  per  cent.)  studded  links  broke  through  weld, 
19  of  the  30  (or  63  per  cent.)  unstudded  met  with  this  fate,  which  has 
been  pronounced  evidence  of  bad  welding. 

Bringing  into  the  discussion  the  record  of  the  ten  studless  links  made 
from  short  bolts,  it  is  found,  contrary  to  the  opinion  of  most  makers  of 
chain  cables,  that,  as  judged  by  these  samples,  the  shortening  of  the 
links  deprived  them  of  all  value,  for  the  irregularity  of  strength  dis- 
played is  remarkable,  and  no  conclusions  based  upon  any  three  or  four 
results  will  stand  against  the  evidence  of  as  many  others.  Burned 
welds  is  the  only  solution  which  presents  itself. 

The  views  of  the  editor  in  regard  to  the  preceding  tests  and  the  con- 
clusions based  upon  them  having  been  submitted  to  the  Chief  of  the 
Bureau  of  Equipment,  he,  in  March,  1881,  authorized  a  renewal  of  the 
investigation,  and  a  series  of  experiments  was  carried  on  by  Commander 
B.  D.  Evans,  U.  S.  N.,  the  equipment  oflScer,  and  by  Lieut.  John  H. 
Coffin,  U.  S.  K.,  his  assistant. 

These  were  conducted  as  follows  (quoting  from  the  report  of  Lieuten- 
ant Cofiin): 

''From  a  large  lot  of  blooms  which  had  been  prepared  in  the  nsnal  way  for  chain- 
cables  twelve  were  taken  at  random  and  rolled  into  1^''  bars.    The  fag-ends  were  cut 
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off,  nicked  in  the  center,  and  bent  to  rieht  angles,  showing  good  fiber.  From  each 
bar  8ix  cable  bolts  were  cat,  of  the  nsnal  length,  and  welded  up  into  two  triplets,  one 
triplet  studded  and  one  open,  the  end  link  being  of  a  larger  size.  This  gave  nine 
triplets  of  each  kind,  a  studded  and  nnstudded  one  from  each  bar,  which  were  welded 
by  the  same  welder,  and  made  as  nearly  alike  as  possible. 

ITpoD  test  the  mean  strength  of  these  sections  was :  12  studded  chains, 
144,8^  pounds;  12  unstudded  chains,  143,333  pounds;  the  first  ranging 
from  157,000  to  132,000  pounds,  the  latter  from  169,000  to  129,000  pounds. 

A  second  set  of  tests  was  made  upon  another  lot  of  the  same  iron, 
but  the  results,  which  included  breaking  strains  ranging  from  143,000 
tlown  to  106,000  pounds,  were  so  very  irregular  that  they  were  of  no 
value,  none  of  either  type  going  much  beyond  the  minimum  of  the  pre- 
ceding lot.  In  every  case  of  very  low  strength  the  welds,  which  were 
made  by  one  man,  were  marked  ^^  solid,"  which  seems  to  indicate  that 
with  him  a  solid  weld  was  a  burned  one. 

A  third  experiment  was  tried  in  March,  1881,  upon  1^^^  links,  prepared 
and  tested  as  were  the  other  two  lots.  Twelve  triplets  of  each  kind 
gave  results:  9  studded  links,  140,378  pounds;  9  unstudded  links, 
130,756  pounds ;  the  former  ranging  from  153,000  to  125,600  pounds,  the 
latter  from  163,000  to  112,000  pounds. 

For  the  present  discussion  the  strength  of  the  twenty-one  sections  of 
each  type  are  arranged  as  follows : 

[Abfltract  from  records  of  navy-yard,  Waahingtoxi,  I>.  CI 

Competiiive  tests  m4ide  vpon  forty-two  sections  of  three  links  e<ich,  of  1^"  iron. 

[Twenty-one  Bectlons  each  of  studded  and  unstudded  links.] 


If  umber  of  bar. 


*250 

433 

*437 

*438 

424 

•235 

•439 

237 

440 

M41 

•442 

430 

Average 


1 

•2 

8 

•4 

4 

6 

♦5 

•6 

*3and6 

Average 

Total  average 


•i 


o 


1 
2 
3 
4 

6 

6 

7 

8 

9 

10 

11 

12 


13 
14 
15 
16 
17 
18 
19 
20 
21 


Studded  links. 


Poundg. 
155,000 
145, 000 
157,000 
153,000 
140,000 
139, 000 
133, 000 
150,000 
147,000 
140,000 
132,000 
147, 000 
144,88S 

130,000 
153,000 
146. 000 
152, 600 
149,600 
136, 000 
144, 600 
125,600 
120, 000 
H0.S76 
142,900 


i 


cB 


Qr.W... 
..  do  .... 
...do  .... 
...do  .... 
Thro.W 

r.W... 

hro.W 
Qr.W... 
...do  ... 
...do  ... 
..  do  ... 
...do  ... 


? 


Tbro-W 

Qr.W 

....do 

...do 

....do 

— do 

...  do 

do 

No.  6,  Thro.W. 


Unstudded  links. 


Pounds. 
169, 000 
138,000 
129,000 
136,000 
133,000 
157. 000 
144,000 
150,000 
145,000 
161,000 
163,000 
156,000 
148,333 

133,600 
135,600 
149,000 
163,000 
154,000 
143,000 
112,600 
119,000 
148,000 
13»,760 
144,610 


(ff 

I 


Qr.W  .. 
Thro.W 
Qr.W... 
Thro.W 
— do  ... 

do  ... 

— do 

Qr.W... 
. .. .do  . .. 
Thro.  W 
....do  .... 
....do  ..., 


Strength. 


a 

^  . 

H 

d 

CO 


Pounds, 


7,000 
28,000 
17, 000 

7,000 


2,000 


17,400 


81,400 
7,000 


Pottnds. 
14,000 


18,000 
11,000 


21,000 

31,000 

8,000 


8,600 


3,000 

10,400 

4,400 

7,000 


22,400 
14,000 


Applying  to  the  above  tests  the  same  reasoning  applied  to  those  of 
the  1|^%  we  find  by  table,  page  207,  that  the  maximum,  average,  and 
minimum  strength  to  be  expected  of  1^"  chain  is  157,000, 150,600,  and 
143,000  pounds;  and  in  this  case,  as  with  the  others,  the  average  of 
most  of  the  links  approximates  closely  to  the  latter.  And  with  no  other 
guide  we  would  be  justified  in  declining  to  incorporate  in  the  means 
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such  figares  as  169,000  and  112,000;  but  we  have  here  a  simple  and 
reliable  indicator  as  to  which  links  should  not  be  counted,  viz,  those 
made  from  the  same  bar  which  differ  over  10,000  pounds.  Omitting 
those  which  are  marked  (*),  the  corrected  means  become,  for  9  studded 
links,  143,330  pounds;  9  nnstudded  links,  144,510  pounds. 

Thus  corrected  or  uncorrected,  the  evidence  given  by  the  1^"  tests 
shows  that  the  difference  probably  due  to  the  effect  of  the  stud  is  with 
iron  of  the  ductility  of  this  lot  very  slight  and  uncertain,  a  result  which 
was  foreshadowed  in  the  comparison,  page  155,  which  shows  that  with 
coarse  brittle  iron  the  strength  of  the  unstudded  exceeds  that  of  the 
studded  by  15  per  cent.,  a  difference  which  is  reduced  to  5  per  cent, 
upon  more  suitable  iron. 

Summing  up  the  evidence  given  by  this  series  of  tests,  we  have— 

Pounds. 

StreDgthof29  8tuddedlf' 165,680 

Strength  of  23  uDstadded  If 165, 870  =     190  poondB  over  studded. 

Strength  of  21  studded  If 142, 290 

Streugth  of  21  unstudded  1^" 144, 610  =  2, 320  pounds  over  studded. 

Strength  of  9  selected  studded  1^" 143, 330 

Strength  of  9  selected  unstudded  1}''  . .  144, 510  =  1, 180  pounds  over  studded. 

The  difference  in  each  case  being  in  favor  of  the  conclusion  that  the 
studded  link  is  not  as  strong  as  the  unstudded. 

Looking  over  the  data,  we  find  that  the  strongest  1|''  section  (186,000 
pounds)  was  unstudded,  and  a  second  section  tied  the  strongest  of  the 
studded  links. 

With  the  IJ''  the  strongest  (169,000  pounds)  was  unstudded,  and 
Vsree  others,  viz,  (No.  16, 10,  and  11,)  exceeded  the  strongest  of  the  studded 
links  (No.  3, 157,000  pounds). 

Taken  by  itself  this  data  would  indicate  that  the  links  were  nearly 
equal  in  strength ;  taken  in  connection  with  the  previous  results,  it  is 
strongly  confirmatory  of  the  views  of  the  Board,  which  will  therefore  be 
adhered  to  until  disproved. 

Desirous  of  making  this  record  as  complete  as  possible,  the  editor 
addressed  letters  to  Mr.  Joseph  B.  Carr,  proprietor  of  the  chain  factory 
at  Troy,  New  York,  and  to  Mr.  H.  L.  Fearing,  proprietor  of  the  Stand- 
ard Chain  Works  at  East  Bridgewater,  Mass.,  requesting  these  gentle- 
men  to  have  tested  a  few  sections  of  chain  cable,  similar  in  all  respects, 
except  in  the  fitting  or  omission  of  the  stud.  Both  gentlemen  responded 
favorably,  and  furnished  the  results  of  the  tests. 

General  Carr  made  two  sections  of  several  links  each  of  1''  and  J" 
chain,  having  half  of  each  studded  and  half  unstudded.  Both  were 
pulled  asunder,  and  it  was  in  each  case  a  studded  link  which  ])arted. 

Mr.  Fearing  prepared  six  sections  of  IJ''  chain,  made  of  Burden  & 
Sons'  chain-iron,  three  of  which  were  studded  and  three  unstudded. 
These  were  broken  at  the  following  strains  upon  his  testing  machine : 


Studded  llnlcii. 

ITo.  1 

Unstudded  linkii. 

Wo.!     

Pound: 
83.440 
85^680 
88,800 

Poundt. 
90,  i20 

Ko.  2   

No.  2 

91.840 

Vo.  3 

No.  8 

'    02,960 

^yOntfO.aa.a  •••••••.«.. 

A.TttrAffe ................ 

85,307 

91,840 

A  difference  of  6,533  pounds  in  favor  of  the  unstudded  links. 
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Both  of  the  above-named  gentlemen  are  of  the  opinion  that  the 
UBstadded  in  stronger  than  the  studded  link. 

OTHEB  SOTJBOES  OF  WEAKNESS. 

There  is  still  another  cause,  which  does  not,  however,  necessarily 
always  exist,  why  chain  cables  do  not  possess  the  greatest  strength 
possible  for  the  size,  and  this  is  the  custom  which  prevails  to  a  certain 
extent  of  purchasing  the  iron  in  bolts  cut  to  the  length  required  to 
make  the  hnks.  By  this  system  there  can  be  no  guarantee  to  the  cable 
manufacturer  that  the  furnisher  of  the  iron  has  not  mixed  with  the  iron 
selected,  many  bolts  of  inferior  and  cheaper  material,  and,  perhaps, 
some  of  a  smaller  size  than  is  called  for. 

We  have  found  that  in  several  lots  of  iron  there  were  bolts  which 
were  evidently  of  a  very  different  character,  and  in  many  cases  bolts 
from  one  to  four  hundredths  of  an  inch  scant.  This  deficiency  in  size 
becomes  of  importance  when  the  bolt  is  transformed  to  a  link,  as  may 
be  shown  thus: 

Bar  2''  diameter,  tensile  strength  52,000  pounds  per  square  inch, 
strength  of  link  266,281  pounds. 

Bar  1.96'^  diameter,  tensile  strength  52,000  pounds  per  square  inch, 
strength  of  link  255,710  pounds. 

Assuming  that  in  each  case  the  link  was  equal  to  163  per  cent,  of  the 
bar's  stren^h. 

The  risk  from  this  cause  naturally  depends,  to  a  great  extent,  upon 
the  character  of  the  persons  who  furnish  and  of  those  who  manufacture 
the  iron,  and  upon  the  degree  of  care  which  is  exercised  at  the  mills. 
We  have  shown  that  deficiency  in  welding  properties  stands  first,  and 
the  action  of  the  stud  second  in  the  list  of  causes  which  prevents  the 
cable-link  from  developing  the  full  strength  of  twice  that  of  the  bar. 

Our  experiments  indicate  that  the  former  cause  is  frequently  mani- 
fested by  the  tenacity  of  the  bar ;  if  the  tensile  strength  is  high,  its  ex- 
cess is  probably  due  either  to  chemical  constituents,  which  increase 
tenacity  at  the  expense  of  welding  properties,  or  to  excessive  work,  of 
which  the  tendency  is  to  effect  the  same,  the  amount  of  work  which 
would  be  excessive  v^ying  with  the  nature  of  the  material. 

The  effect  of  the  former  source  is  fully  discussed  in  the  comparison 
of  chemical  and  physical  results;  that  of  the  latter  has  been  made 
very  evident  throughout  oui'  experiments.  A  few  typical  examples 
will  be  given  in  which  the  variation  in  the  welding  value  was  apparently 
due  to  variations  in  the  amount  of  work,  the  irons  being  of  similar  com- 
position. 

In  case  of  irons  F  and  For,  both  were  of  the  same  material,  ¥x  receiv- 
ing, however,  much  more  work  than  F,  the  piles  from  which  the  bars 
werB  rolled  being  larger.  ¥x  exceeded  in  tenacity,  was  equal  if  not 
superior  in  power  to  resist  sudden  strain,  and  ductility,  but  inferior 
as  cable,  on  account  of  decreased  welding  value.  Iron  Fa?  developed  in 
the  link  form  an  average  of  154  per  cent,  of  the  bar's  strength,  and  iron 
F  over  163  per  cent,  of  the  same. 

With  irons  F,  Fa?,  O,  and  P,  all  of  which  were  of  choice,  ductile  mate- 
rial, the  small  bars,  which  had  received  the  most  work,  made  the  poorest 
cable. 

With  irons  A,  N,  B,  0,  which  were  made  from  comparatively  coaise 
material,  the  effect  of  increased  work  was  to  improve  them  in  every 
respect,  the  smaller  and  most  thoroughly  worked  sizes  making  the  best 
cable.    With  1^,  for  instance,  the  1^"  thoroughly  worked,  in  comparison 
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with  the  2",  developed  164  per  cent,  of  bar  strength,  while  the  2"  de- 
veloped but  141  per  cent.  With  B  the  lif ,  developed  162  per  cent, 
and  the  ItV'S  more  worked,  176^  per  cent.  With  C  the  If  developed 
153  per  cent,  and  the  IJ'^,  162  per  cent.  With  all  of  these  irons  the 
tenacity  of  the  small  was  higher  than  that  of  the  larger  bars.  The 
question,  therefore,  as  to  the  amoant  of  tenacity  which  indicates  de- 
hcieucy  in  welding  valae  is  one  which  is  dependent,  to  a  great  extent, 
upon  the  character  of  the  material.  The  amount  which  indicates  a 
probable  lack  of  power  to  resist  sudden  strains  also  depends  greatly 
upon  the  same.  Iron  Fjr,  with  greater  tenacity  than  F,  was  equally 
valuable  in  this  respect,  as  were  A,  D,  and  Vx. 

But  there  is  another  element  which  complicates  this  question:  the 
amount  of  tenacity  which  indicates  probable  high  or  low  welding  value 
and  ductility  depends  in  the  same  material  to  a  great  extent  upon  the 
diameter  of  the  bar,  and  differs  with  every  variation  in  size.  The  prob- 
lem thus  became  to  fix  upon  the  tenacity  which  upon  each  size  of  bar 
used  ordinarily  for  cables  indicates  probable  high  welding  value  and 
freedom  from  brittleness. 

The  history  of  our  efforts  to  solve  this  problem,  with  such  solution  as 
we  have  found,  is  embodied  in  the  papers  *^  Investigation  of  the  effect 
of  the  rolls,"  and  "Proving-strains  for  chain-cables." 

The  facts  upon  which  our  theories  are  based  are  the  strength,  elastic 
limit,  and  resilience  of  bars,  already  given,  the  same  of  links,  and  the 
comparison  of  the  strength,  &c.,  of  both,  which  will  be  here  inserted. 

Detailed  description  of  method  of  testing  cables. 

Our  records  embrace  the  results  of  strength,  &c.,  obtained  by  the  rup- 
ture of  229  sections  of  cables,  of  various  diameters  and  lengths,  made 
from  eighteen  different  irons. 

These  are  given  in  the  tabulated  record  of  breaking  strains,  arranged 
in  the  order  of  the  relative  strength. 

The  history  of  a  few  of  our  tests  will  be  given  in  detail. 

The  links  were  generally  arranged  as  shown  in  the  cut — the  end 
links,  !Nos.  1  and  5,  and  center  link,  Ko.  3,  being  unstudded,  the  others 
studded.  The  end  links  were  in  some  cases  of  greater  diameter  than 
the  links  to  be  tested,  in  which  case  they  were  not  recorded  in  the  num- 
ber of  links  in  section. 


After  we  had  decided  upon  the  superior  strength  of  the  unstudded 
link,  our  test-sections  were  prepared  with  end  links  of  the  same  size  and 
iron  as  the  other  links,  but  without  studs }  and  in  breaking  over  400 
sections  thus  arranged  the  end  link  broke  in  but  eight  cases. 

The  shackle-pins  were  oval,  and  made  to  correspond  with  the  diame- 
ter of  the  Unks. 
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Teat  as  cable,  of  iron  I^, 
(Llnka  arranged  as  per  cat.    Stzetoh  reoordod,  when  .03  was  obaerved,  on  Xo.  2  link.] 


s 

I 


8 
3 
3 
8 
8 
8 
3 
8 
3 


JPoundt, 

84,800 

44,400 

61,100 

78,000 

80,000 

98,000 

100, 000 

110,000 

U7,200 


Elongation  of— 

Ko.2. 

No.  3. 

]!ra4. 

ft 

II 

/f 

.03 

.11 

.08 

.03 

.16 

.03 

.03 

.14 

.05 

.05 

.24 

.08 

.08 

.28 

.04 

.08 

.28 

.06 

.03 

.26 

.04 

.08 

.22 

.08 

.08 

.19 

.04 

70, 300 
81, 400 
111,000 
124,000 
153.000 
168,000 
185,000 
205,600 
240,000* 


4 
2 
2 
3 
2 
2 
2 
8 


aw. 

T.W. 

w. 
w. 

T.W. 


a 


Elongation  of  nnbroken 
links. 


No.  2. 


II 
.50 


L45 


1.60 
L50 


No.  8. 


II 

.62 

.70 

LOO 


1.15 
1.85 
L20 


L70 


No.  4 


// 


.72 
.70 
.75 
1.00 
1.25 
1.40 
1.30 
LOO 


*  Not  broken. 

Five  mntntes  oocnrrlng  on  Unk  No.  2,  one  on  No.  4  studded,  and  two  on  open  Unks,  in  one  of  whiok 
the  weld  orew.  The  elongation  iprodiiced  upon  the  open  links  by  the  stress  which  broke  the  stndded 
ones  was  not  salBcient  to  greatly  impair  their  usefulness ;  the  1'^  with  original  inner  diameter  of  1.55", 
beinff  reduced  to  1.40'';  the  ll'',  original  inner  diameter  2.8",  after  sUess  2.50^',  and  the  others  in  pro- 
portlou,  there  being  sufficient  room  for  the  links^to  traverse  neely. 


T^i  OB  cabUj  of  irom  D. 
[LinkB  arranged  as  per  cut.    Results  as  follows :  ] 


a 


•5 

CO 


tt 


\ 


8 
8 
8 
8 
8 
8 
8 
8 
8 


-I 
1.1 

CO 


Pwmd9, 

86,200 
45.000 
65,200 
71,600 
80,100 
90,000 
99,000 
112,300 
116,000 


Elongation 

0^ 

No.  2. 

No.  8. 

Na4. 

// 

II 

II 

.08 

.10 

.04 

.08 

.15 

.08 

.03 

.20 

.05 

.03 

.26 

.04 

.03 

.80 

.03 

.03 

.25 

.04 

.03 

.94 

Lost. 

.03 

.82 

.03 

.03 

.22 

.05 

Potnult. 
79,200 
87,500 
113,000 
137,200 
173,000 
182. 000 
204.000 
215.000 
240,000* 


I 


2 

2 
2 

2 
4 
2 
4 

4 


Ekttgation  of  unbroken 
links. 


No.  2. 


H 


LOO 

1.70 
2.00 
L55 


No.  8. 


II 

.60 
.75 
.80 
LOO 
L50 
L80 
L40 
1.75 
L70 


Na4l 


II 

.75 

.80 

.80 

L25 

'l26 

"l40 


*  Not  broken. 


Eight  ruptures  occurred  on  studded  links,  flre  of  which  were  on  No.  2.    Nearly  all  of  the  unbroken 
open  links  were  serviceable  after  ruptnre  of  the  studded  ones. 
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Teatt  a»  'cahU  of  Worn  O. 
[Links  aoTMiged  aa  per  cut;  resalta  m  foUows:] 


II 


I 


I 


8 
8 
8 
8 
8 
8 
8 
8 
8 


« 

Elongatioii  < 

of- 

^A 

%t 

e 

•i 

s« 

No.  2. 

No.  8. 

No.  4. 

m 

Powndi. 

// 

II 

// 

81,400 

.08 

.23 

.03 

35.000 

.02 

.16 

.08 

45,800 

.06 

.22 

.08 

51/200 

.04 

.20 

.08 

60,000 

.04 

.14 

.08 

74.600 

.08 

.16 

.08 

90,000 

.02 

.25 

.08 

102.000 

.08 

.22 

.08 

119,800 

.02 

.80 

.08 

Poutuf*. 

68,000 

80,900 

95,500 

125,400 

155,500 

180.000 

207,000 

237,000 

238»000 


M 


8 
2 
8 
2 
8 
4 
2 


s 


^^ 


.s 


EloDgation  of  nnbroken 
linkB. 


Ko.  2. 


No.  8. 


// 

II 

.66 

1.00 

.63 

.66 

.90 

L32 

1.32 

L60 

L'so 

2.00 

.40 

No.  4. 


// 


.58 

.40 

.60 

1.60 

1.50 

1.40 


.603 


Six  of  the  mptores  oooarred  on  Na  2  link,  two  on  No.  4,  and  one  on  No.  8.  The  weld  of  the  2"  drew 
and  it  broke  much  under  ita  real  strength,  as  is  shown  bv  the  slight  elongation. 

It  is  probable  that  so  very  daotile  and  expensive  an  mm  as  O,  which  is  first-class  charcoal  blown, 
will  seluoni  be  made  into  chains,  henoe  we  reason  that  as  some  of  the  open  links  were  serviceable  after 
the  mptnre  of  the  studded  ones,  that  we  are  fiomished  with  their  comparative  value.  With  a  harder 
iron  the  elongation  woold  have  been  less. 

Tests  as  cable  of  iron  N. 

We,  having  bnt  a  small  qaantity  of  this  iron,  were  not  able  to  arrange 
the  links  in  the  same  manner  as  with  the  preceding  tests.  They  were 
aiTanged  thus:  No.  1,  open;  Nos.  2  and  3^  stadded;  No.  4,  open. 

The  results  of  the  tests  were: 


I 

O 

s 

// 

H 
U 

If 
l) 
II 
li 

I* 


I 


I 


••5 


CO 


Pound*. 

45,000 

58,000 

70. 100 

80,000 

96^200 

110, 800 

116,200 

118^000 


EUmgailon  of- 

- 

r^ 

d 

CO 

^ 

6 

6 

6 

6 

^ 

^ 

^ 

^ 

It 

II 

n 

II 

.06 

.08 

.08 

.11 

.08 

.03 

.05 

.09 

.06 

.03 

.03 

.10 

.09 

.03 

.02 

.07 

.05 

.02 

.08 

.08 

.10 

.03 

.04 

.06 

.11 

.04 

.03 

.12 

.07 

.03 

.04 

.08 

t 


POWid$. 
85,000 
105,000 
126,400 
152.200 
196,500 
201,100 
223,700 
232,000 


4 

I 
I 

M 

a 


2 
2 
4 

4 
2 
2 
2 
2 


t 


0  p 


J 


T.W. 
^W. 

W. 
[.W. 

W. 

W. 
|.W. 

:.w. 


Elongation  of  nnbrokai 
links. 


I 


// 

.63 
.62 
.82 
.90 

1.10 
.65 

1.12 
.67 


I 


n 


1.00 


^ 


II 

.78 
.80 
.88 
.87 

1.00 
.60 

L33 
.90 


% 


II 


.50 
64 


1.60 
.60 
.00 

1.03 


Six  of  the  mptnreB  occurred  upon  No.  2  link,  all  upon  studded  links,  and  at  the  stress  at  which  they 
yielded  oU  of  the  open  links  were  serviceable. 
This  is  a  hard,  coarse,  common  chain-iron. 

Hi 

These  carefolly  made  tests  indicate  that,  with  ordinary  chain  iron, 
although  the  first  stretch  of  the  open  link  is  produced  by  a  much  lower 
stress  than  that  which  the  studded  one  withstands,  yet,  upon  the  strain 
becoming  more  severe,  the  disproportion  in  its  effects  becomes  less,  and 
that  frequently  the  open  link  is  still  serviceable  after  the  studded  link 
has  broken. 

A  curious  phenomenon  was  noticed  during  these  tests.  In  breaking 
33  sections,  made  from  four  irons,  22  of  the  ruptures  occurred  upon  No. 
21mk. 

In  each  case  there  was  no  known  difference  in  the  strength  of  the  dif- 
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ferent  links;  and  we  can  only  attribute  tbe  frequency  of  this  rupture  to 
the  location  of  the  link,  and  in  so  doing  we  recognize  that  the  action  of 
the  testing-machine  is  not  that  of  steady  tension,  as  we  had  hitherto 
assumed,  but  of  a  series  of  rapid  pulsations. 

No.  2  link  was  in  each  case  the  nearest  studded  link  to  the  engine  by 
which  the  force  was  developed,  and  a  theory  suggests  itself  by  which 
the  phenomenon  may  be  explained. 

The  tension  is  produced  by  strokes  of  a  hydraulic  pump ;  between 
these  strokes  the  chain  is  strained  by  the  amount  already  accumulated, 
and  this  strain  is  increased,  not  gradually,  but  by  a  succession  of  sharp 
strokes,  the  effect  of  which  is  probably  as  follows:  At  the  beginuing,  as 
the  stress  becomes  equal  to  the  elastic  limit  of  No.  1  link,  which  is  not 
studded,  the  sides  slowly  close,  and  thus  a  portion  of  the  force  is 
absorbed,  and  No.  2  link  does  not  receive  so  great  a  strain  as  No.  1  has 
before  another  stroke  increases  that  upon  the  latter. 

When  the  stress  becomes  so  great  that  No.  1  has  closed  so  much  that 
nearly  as  much  is  required  to  further  close  it  as  to  break  it,  the  stress 
is  applied  ^t  once  to  No.  2  with  slight  reduction. 

No.  2  receives  this  stress  as  a  sudden  strain ;  but  by  the  mass  of  its 
material  and  its  inertia  transmits  it  to  Nos.  3  and  4  as  a  nearly  steady 
strain,  No.  2  acting  toward  Nos.  3  and  4  as  does  the  anvil  on  the  breast 
of  an  athlete,  and  absorbing  the  blow.  Finally,  No.  2  receives  a  stroke 
which  breaks  it  beibre  it  has  time  to  transmit  to  No.  3.  If  this  is  not 
the  cause  of  the  phenomenon,  we  are  unable  to  assign  one. 

The  following  records  were  obtained  in  the  manner  described: 

Breaking-straifu  of  229  sections  of  UnJca  of  varioua  irons. 


I 


1 
2 
8 

4 
5 

e 

7 
8 
9 

1 
2 
8 
4 
6 
6 
7 
8 
• 
10 

1 
2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 


QQ 


In, 
1 


U 


U 


sis 


J 


5 
2 
2 
2 
3 
5 
3 
8 
8 

8 
2 
8 
2 
8 
8 
2 
8 
8 
8 

8 
8 

8 
8 
8 
8 
8 
8 
3 
8 
8 
8 


Poundt. 
79,200 
73, 632 
72,672 
71, 712 
70,800 
69,000 
68,000 
67,600 
60,400 

89,280 
88,800 
87,500 
60,400 
65,000 
a'),  000 
6i.60O 
81,400 
80,900 
70,000 

123,500 
122.100 
119,800 
119,600 
119. 000 
118,480 
114,000 
113,000 
112,  600 
112, 000 
112, 000 
111,000 


Wliere  broken. 


Or.W... 
Qr.B.... 

do  ... 

—  do  ... 
Qr.W... 
do  . 
Thro,B, 
ThraW 
Thro.B. 

Qr.B... 

Qr.W... 

— do  ... 

. .    do  . . . 

Tbro-W 

do  ... 

?r.W... 
hro.W 
Qr.W... 
— do  ... 

Qr.B-... 
Thro.W 
Qr.W... 
. . . .do  ... 

B 

Qr.W... 
..  do  ... 

do  ... 

B 

do... 
Qr.  W... 
Qr.B... 


J3d 

6 

8.S 

gl 

^t^ 

fi 

^  S 

« 

,• 

o  S 

t« 

1 

H 

a 
3 

i 

1 

J 

|5 

i 

— 

^ 

a 

n 

Jn. 

Poundg. 

D. 

13 

u 

2 

U0,800 

A. 

14 

8 

107, 600 

A. 

15 

8 

105,000 

A. 

16 

8 

102,000 

Px. 

17 

2 

101.700 

A. 

18 

8 

101, 000 

0. 

19 

2 

96,000 

P. 

20 

8 

05,500 

P. 

21 

3 

92,000 

A. 

1 

lA 

3 

117,000 

A. 

2 

8 

116,000 

D. 

8 

8 

111,500 

P. 

4 

8 

110.500 

P. 

5 

8 

110, 000 

N. 

6 

3 

109,500 

K. 

7 

8 

109,500 

Pi. 

8 

3 

109, 000 

0. 

9 

8 

92,000 

P. 

10 

3 

77,000 

M. 

1 

H 

8 

187.200 

P. 

2 

3 

136,600 

M. 

8 

8 

136,320 

M. 

4 

2 

134, 592 

M. 

6 

8 

133,000 

A. 

6 

2 

132.480 

M. 

7 

3 

132,000 

D. 

8 

3 

128, 600 

M. 

9 

3 

127,600 

M. 

10 

8 

126,800 

M. 

11 

3 

126, 600 

Px. 

.  12 

4 

126,400 

Where  broken. 


A. 
P. 

N. 

M. 

P. 

H. 

K. 

O. 

M. 

M. 
H. 

P. 

P. 

P. 

P. 

P. 

P. 

Mf. 

M. 

D. 

M. 

A. 

P. 

M. 

A. 

M. 

P. 

M. 

M. 

M. 
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Breaking-ituiitit  of  229  »eeli«ni  o/  HmIi  0/  ri 


I  iroii — Contina«d. 


PtH 

•irf« 

a 

1 

as 

24,000 

12-J.OOO 
121,000 

liOOO 

103, 4«0 

lA 

1 

H6.W 
154,760 

IH.OOO 
1S3,«0 

152,800 
152.000 
191.700 

iso^ooo 

1*9,000 

in  MO 

HI,  100 
141.000 

ui.ooa 

140,000 

mooo 

130,  «0 

■ 
■ 

■ 

1* 

173,000 
89,000 
8a,70O 

la 
sa 

w,<oo 

'l 

sSsoo 

I 

' 

Tim 

ss 

000 

M 

UH 

Qr.W... 
■Or.B... 
Qr,ff... 


Qr.  W.. 


SO3.5O0    . 
»l!lOO    '. 


204,400 
2S2.M0 


Qr,W... 
Qr.W... 
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Breaking-strains  of  229  sections  of  linJcs  of  various  irons — Continaed. 


Inks 
ion. 

i=i^ 

berof 
Bt-sec 

a 

^ 

S^ 

& 

i 

J§^ 

Jn, 

5 

n 

8 

6 

8 

7 

3 

8 

8 

1 

2 

2 

2 

2 

8 

8 

4 

8 

6 

8 

6 

2 

7 

2 

8 

2 

9 

2 

10 

2 

11 

2 

12 

2 

18 

2 

14 

8 

16 

2 

16 

2 

Pound*. 
228,700 
215,  GOO 
215,  UOO 
205,000 

283, 200 
279, 0 .6 
278, 000 
278, 000 
276,  000 
270, 240 
2G0, 000 
268, 800 
268,750 
2C8, 224 
260, 832 
258, 000 
257,260 
255, 000 
248,000 
244,000 


Where  broken. 


Qr.-W 

Threw.. 

...  do 

....do 

Qr.B 

Thro.B... 

Qr.B 

Side   

Qr.W 

$-.B 

do 

Not  broke 

Qr.W 

...  do 

>  *  •  •  U  V   •  •  •  •  • 

.. .  do 

Qr.B 

bide   

Qr.B 

Thio.B... 


N. 
F. 
D. 
Fx. 

A. 

A. 

H. 

M. 

M. 

A. 

A. 

A. 

F. 

A. 

A. 

K. 

A. 

M. 

A. 

A. 


I 


17 
18 
19 


<5 


In. 
2 


U 

u 
If 
11 

H 
2 


8 
2 
2 

3 
8 
8 
2 

4 
4 
8 
3 
2 


Pounds. 
238^000 
283,600 
282,000 

242,000 
240, 000 
240,000 
240,000 

116,000 
156,000 
196,200 
209, 800 
236,000 
242,000 


Where  broken. 


W.... 

Thro.W... 
....do  ...... 

Not  broken 

do 

do 

....do 

Thro.W... 
....do  ...... 

Qr.B 

Qr.W 

Thro.W..- 
Not  broken 


i 


0. 
F. 

N. 

P. 

D. 

Fx. 

A. 

Px. 
Px. 
Px. 
Px. 
Px. 
Px. 


BreaJctng-strain  of  206  single  links. 


1 
8 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

1 
2 
8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1 
8 
8 
4 

6 
6 

T 


1 


14 


lA 


76,320 
75,963 

101,800 
100,400 
97,000 
97,400 
96,600 
95,000 
94,100 
04,080 
92, 200 
90,200 
87,500 
87,400 
85,500 

128.832 
128,600 
125.500 
124,800 
124, 800 
124,800 
123,800 
123,500 
122,800 
122, 100 
122. 000 
121,  000 
119,000 
115,800 
116, 200 
118,700 
113,  300 
112,500 
111,360 
111,  000 
110,400 
109,400 

133,000 
180,000 
128,000 
123,000 
121,800 
113,400 
110,000 


A. 

1 

If 

A. 

2 

8 

C. 

4 

K. 

5 

F. 

6 

D. 

7 

A. 

8 

D. 

9 

F. 

10 

A. 

U 

K. 

12 

£. 

18 

£. 

14 

E. 

16 

£. 

16 
17 

P. 

18 

K. 

19 

M. 

20 

M. 

'21 

D. 

22 

C. 

23 

K.     24 

M. 

25 

D. 

26 

C.  1  27 

M. 

28 

1 

M. 

29 

1 

E. 

80 

1 

M. 

81 

1 

F. 

E. 

P. 

E. 

1 

lA 

A. 

2 

M. 

8 

M. 

4 

R 

1  6 

6 

M. 

7 

M. 

8 

M. 

9 

P. 

10 

P. 

11 

P. 

12 

K. 

18 

144,800 
142, 000 
141,000 
139,600 
130,500 
130, 2(10 
137, 700 
137, 200 
136,800 
136,  OUO 
135,600 
135,400 
135. 000 
134,880 
134, 800 
134,400 
188,500 
138.000 
132,600 
182,000 
130. 100 
180.000 
127. 600 
126. 700 
125. 600 
116, 000 
115, 000 
113, 300 
113,000 
112, 100 
105,000 


178,000 
162, 432 
162,050 
155,500 
155,100 
153,600 
168.600 
153,020 
150,  530 
149, 760 
149,600 
139,400 
138,600 


D. 

D. 

M. 

M. 

U. 

E. 

E. 

K. 

F. 

M. 

M. 

F. 

M. 

A. 

C. 

M. 

M. 

M. 

E. 

C. 

E. 

M. 

M. 

E. 

M. 

M. 

M. 

M. 

M. 

M. 

H. 


K. 
£. 
B. 
P. 
G. 
J. 
P. 
B. 
B. 
B. 
C. 
P. 
L. 


TESTS    OF   METALS. 
Bnal^-ttrtUii  of  306  tingle  Etui:*— Coutiniied. 


Qr.W... 
B.lk.  .. 
Qr.  W... 


gV.  8  '.'. 

jllm.fi 


Thro.  W .. 

...do 

Qr.W 


i 

1 

1 

1 

In. 

1 

c." 

11 

u. 

it 

c: 

1 

u. 

S: 

E. 

J.' 

1 

1 

1 
1 

» 

21 

Mi 

1 
1 

M. 

f 

M. 
U. 

I 

1 

an.  000 

208,110 

i»e.ooo 


TX.SOt 
225,  MO 


MB.  MO 

»■* 

384.000 

203,000 

isiiao 

243.000 

233. 100 

22^200 

....do 
...-do 

293,700 

as 

w 
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The  bars  of  Pa?  were  received  and  tested  snbseqaeDt  to  the  coiriple- 
tionr  of  the  tables,  and  are  not  included  in  the  following  abstract  ^  by 
which  it  apptors  that  a  variation  of  from  5  to  ITp^r  cent,  in  the  strength 
of  chain-cables  of  the  same  diameter  may  be  expecte^j  when  made  from 
good  iron,  and  that  this  variation  may  rise  to  over  25  per  cent.,  if  infe- 
rior material  is  used. 

Variation  iii  strength  6f  chaitH!ables  madofram  wons  of  different  character. 


Siseoif  cable. 


I 


9 
10 
21 
10 
85 
19 
81 
19 
12 
25 
11 

8 
19 


229 


o  S 

|2 


6 
7 
7 
1 
9 
2 
9 
12 
2 
8 
2 
6 
8 


.  Strength  of  ofible. 


Pounds. 

79.200 
8D;280 
122,100 
115,000 
1^,200 
155^040 
173,000 
199,000 
214, 160 
281,800 
231,940 
252,900 
283,200 


t^ 


Pottnds^ 

67, 600 
80,900 
101, 700 
100,000 
125,000 
139, 400 

147,  ooa 

168,000 
194,880 
191,000 
204,400 
215.000 
240,000 


Variation  in 
■ttongth. 


•a 

i 

P4 


11,600 
8,380 
20,400 
6,000 
12.200 
1^.640' 
26,000 
81,000 
19,280 
40,809 
27,540 
87,960 
43,200 


14 

&6 

6^ 

8 
10 
15 
15.5 

.9 
17 
12 
11 
15 


12.1 


P. 
P. 

K,M,0. 
M. 


M»K,P. 
M. 


Fx. 


VnrlAUob  in 
etxrength  by 
including 

omittodlixiks. 


4 


& 


18,800 
13,200 
31,  lOQ 
40,000 
42,200 


88.400 
74,000 


45,800 
47,'360 


u 


28.7 

14.7 

25 

34.7 

30.7 


22.2 
37 


19.7 

'ii'e 


25.1 


The  excessive  variation  in  case  .of  the  1|'^  is  due  to  the  fact  that  a 
portion  of  a  lot  of  excellent  chain-iron  0  was  comjwsed  of  very  inferior 
material,  which  was  very  irregular  in  strength,  the  strongest  link  in  the 
lot  breaking  at  231,300  pounds,  and  five  out  of  eleven  sections  breaking 
at  less  than  200,000  pounds ;  the  minimum  being  that  in  the  table, 
191,000  pounds. 

No  system  of  tests  made  upon  cable-bolts  alone  would  have  detected 
with  certainty  this  inferior  iron.  Had  the  iron  been  furnished  in  30-feet 
bars,  each  bar  would  have  produced  16  bolts,  with  a  remainder  of  2^" 
for  test  purposes,  the  test  of  which  would  have  given  valuable  evidence 
of  the  character  of  the  16  links. 

WEiaHT  OF  CHAIN-CABLES. 


Thechain-cablesmanufacturedby  the  ordinary  systems  are  very  heavy, 
and  we  .are  led  by  the  results  of  our  investigation  to  beheve  that  their 
weight  can  be  redu<^  advantageously,  and  as  great,  if  not  greater,  safety 
be  secured. 

If  this  result  can  be  accomplished,  it  would  prove  of  great  value  to  the 
mercantile  marine,  where  as  much  space  and  tonnage  as  possible  are 
required  for  cargo,  and  where  vessels  are  frequently  short-handed. 

Two  methods  present  themselves  as  results  of  our  experiments,  the 
first  founded  upon  our  investagation  of  the  action  of  the  rolls  and  our 
impact-tests  combined,  and  the  second  upon  our  comparative  experi- 
ments of  the  strength  of  studded  and  open  links. 

The  weight  and  dimensions  of  the  various  portions  of  cables  of  differ- 
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ent  sizes,  and  of  fall  cables,  of  the  length  ordinarily  ased,  are  given  in 
the  following  table : 


We  have  found  t  hat  when  made  from  the  same  material  the  large  bars 
possess  leija  strength  in  proportion  to  their  areas  than  the  small  ones,  aa 
opposed  to  steady  strain,  and  geueral].v  much  less  absolute  jjower  to  re- 
sist sadden  strains,  and  in  connection,  that  throngli  the  greater  amount 
of  work  which  it  receives,  the  bar  of  1|"  diameter  is,  upon  an  average, 
fully  4,000  pounds  per  square  inch  stronger  than  the  2"  bar.  This  dif- 
ference of  4,000  pounds  we  derive  from  the  following  data:  With  the  irons 
A,D, D (second  lot),  E  (IJ"),  F  (two lot8),N,  O,  and  P,  we  find  thattheex- 
cess  of  tenacity  of  the  1|"  bar  over  that  of  the  2"  is  4,163  pounds,  2,449 
pounds,  5,721  pounds,  4,535  pounds,  3,207  pounds,  2,057  pounds,  4,596 
pounds, 4,152  pounds, aud4,800pounds, giving anaverage for thenine lots 
of  4,030  pounds,  which  is  i>robably  lower  than  it  would  he  if  the  record  of 
the  Irons,  which  were  very  thoroughly  worked  on  all  sizes,  were  omitted, 
as  they  might  be,  they  all  proving  too  soft  and  too  expensive  to  be  fairly 
considered  as  chain-irons.  Assuming,  however,  this  difterence,  which  is 
probably  a  minimum  as  regards"  chain-iron,"  thestrength  per  squareiDch 
of  a  1|"  bar  would  be  64,000  pounds,  if  that  of  the  2"  was  50,000  pounds, 
and  the  entire  strength  of  the  1|"  would  be  112,000  pounds,  which  is  71 
per  cent,  of  that  of  the  2",  viz,  157,000  pounds.  (The  1^"  bar  of  iron  E 
1b  substituted  lor  the  1|"  for  the  rea.son  that  in  tins  case  the  pile  for  the 
IJ"  wa3  of  the  same  area  as  that  for  the  2".] 

If  the  two  bars,  2"  and  If",  were  equally  valuable  in  every  respect  for 
cable,  and  both  in  link  form  developed  the  same  percentage  of  the  bar's 
strength,  say  163  jier  cent.,  the  strength  of  the  Ig"  citble  would  be 
182,000  pounds,  which  la  71  per  cent  of  that  of  the  2",  viz,  250,000 
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X)oands,  while  its  weight,  23,996  x)onnds,  would  be  but  66.4  per  cent,  of 
that  of  the  2",  viz,  36,125  pouiids.  If  it  be  considered  that  the  loss  in 
actual  power  to  resist  steady  tension  is  not  counterbalanced  by  the  f^ain 
in  reduced  weight,  the  comparative  powers  to  resist  sudden  strains 
should  be  considered.  It  is  more  than  probable  that  the  greater  work 
given  to  the  1^"  will  have  so  increased  its  ductility  that  its  power  to 
resist  sudden  strains  will  prove  greater  than  that  of  the  2/'  cable. 

These  views  are  borne  out  by  many  of  our  experiments,  from  which 
we  will  select  the  bars  of  iron  N  for  comparison.  This  iron  was  sent  to 
ns  by  a  prominent  manufacturer  in  answer  to  an  order  for  ^^  samples  of 
best  cable-iron.'' 

The  2"  bar  had  tenacity  61,748  pounds,  and  when  broken  by  tension 
had  very  slight  reduction  of  area  and  elongation;  broken  by  impact,  it 
proved  very  brittle,  and  while  in  no  ways  nicked  or  injured,  would  break 
like  a  pipe-stem  by  moderate  blows. 

Tested  as  cable,  the  links  developed  but  141  per  cent,  of  the  bar's 
strength,  viz,  232,000  pounds. 

The  \.%"  bar,  with  tenacity  66,344  pounds,  when  tested  by  tension,  re- 
duced in  area  to  60  per  cent,  of  the  original  and  elongated  23  per  cent. 

Tested  by  impact  it  proved  fairly  tough,  deflecting  to  over  60°  before 
breaking,  and  when  circled  with  a  score  resisted  to  a  greater  extent  than 
did  the  ^2J'  in  its  normal  condition. 

Tested  as  cable,  the  links  developed  164  per  cent,  of  the  bar's  strength, 
breaking  at  196,500  pounds,  or  at  84  per  cent,  of  the  strength  of  the  1". 

In  this  case  there  can  be  no  doubt  but  that  the  smaller  and  lighter 
cable  would  have  proved  the  most  reliable. 

Irregularity  in  strength  is  a  great  fanlt  in  cable-iron;  this  is  more  apt 
to  occur  in  the  large  than  in  the  small  bars,  one  reason  for  which  is  that 
irregularity  in  heating  the  piles  produces  irregularity  in  strength,  and 
to  this  the  large  bars  are  more  greatly  exposed  than  the  small  ones. 
The  pile  and  resultant  bar  of  2''  weighs  400  or  500  pounds,  and  while 
passing  through  the  rolls  is,  of  course,  much  more  difficult  to  handle 
than  a  lighter  pile  or  bar;  there  are  greater  liabilities  of  "  bucking"  and 
"bending,"  and  while  the  workmen  are  mauling  the  bar  to  straighten 
it,  the  next  bar  to  be  rolled  is  being  delayed  in  the  fumaee,  and  the 
effects  of  variations  in  the  heat  are  not  piovided  against  by  regulating 
the  latter.  It  seems  but  natural  that  if  the  pile  for  a  small  bar  is  heated 
enough  for  rolling  in  one  hour,  that  portions  of  the  large  pile  are  in  the 
same  time  equally  ready,  and  that  by  longer  delay  in  the  furnace  they 
become  overheated. 

The  effect  of  overheating  is  to  lower  both  the  elastic  limit  and  the 
strength. 

Irregularity  in  the  workmanship  by  which  the  links  are  manufactured 
produces  irregular  strength  in  the  cable.  To  this  the  larger  bars  are 
exposed  to  a  greater  extent  than  the  smaller  ones;  the  weld  As  less  apt 
to  be  perfect.  A  small  bar  is,  when  at  the  right  heat,  welded  by  a  few 
quick  blows,  and  the  time  of  the  operation  is  not  great  enough  to  allow 
the  iron  to  become  too  cool.  With  a  large  bar  it  is  different.  It  requires 
more  and  harder  blows,  and  more  time;  and  if  at  the  right  heat  when 
the  operation  is  begun,  it  may  be  too  cool  before  it  is  ended,  or  in  order 
that  it  shall  not  be,  it  may  be  heated  a  little  too  much  on  the  start ;  the 
surface  of  the  weld  is  greater,  and  is  more  exposed  to  the  danger  of  in- 
terposition of  ashes,  dust,  or  scoria,  either  of  which  will  prevent  a  per- 
fect weld. 

Finally,  if  the  cable  be  finished  without  any  accidental  defect,  the  proof 
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of  the  2^'  80  far  exceeds  that  of  the  1|'',  in  proi)ortion  to  its  strength,  that 
it  is  possible  that  the  strength  it  may  have  had  will  be  lowered  by  it. 

For  the  reasons  assigned  we  are  of  the  opinion  that  the  margin  of 
safety  secured  by  the  use  of  a  cable  of  1|''  iron,  weighing  12  tons,  is 
equally  as  great  as  by  the  use  of  the  2'',  weighing  18  tons. 

SUBSTITUTION  OP  OPEN    LINKS   POB   STUDDED  ONES   PROPOSED  AND 

DISCUSSED. 

I 

There  exists  a  strong  prejudice  against  the  use  of  cables  made  from 
links  without  studs.  This  prejudice  is  based  upon  the  opinion  which  is 
very  generally  entertained,  that,  first,  the  open  link  is  not  so  strong  as 
the  studded  one ;  second,  that  owing  to  the  want  of  the  support  given 
to  the  sides  by  the  stud  when  used,  the  open  link  will  collapse  at  a  much 
lower  strain  than  the  studded  one  will,  and  that  this  collapse  w^ll  be  so 
great  that  the  links  will  nip  each  other  and  become  rigid ;  and,  third, 
that  tlie  liability  of  the  relative  position  of  the  links  becoming  misplaced 
is  greater  with  the  open  than  with  the  studded  links,  from  which  cause 
jams  may  occur  in  the  hawse-pipe  when  the  cable  is  running  out,  or  aj^r 
having  remained  some  time  with  a  slack  cable,  a  sudden  squall  tauten- 
ing it  might  produce  the  same  efifect. 

The  first  of  these  objections,  viz,  that  the  open  link  is  weaker  than 
the  studded  ones,  our  experiments  show  to  be  without  foundation.  The 
contrary  is  the  case  under  most  circumstances. 

We  are  led  by  the  results  of  our  tests  to  doubt  that  the  second  objec- 
tion exists  to  the  extent  generally  supposed.  We  find  that  in  all  cases 
the  open  links  begin  to  change  form  at  a  lower  stress  than  the  studded 
ones,  but  the  sides  having  straightened  somewhat,  the  stress  is  soon 
resisted  by  the  tenacity  of  the  material  itself,  and  unless  the  iron  is 
very  soft  and  ductile  (much  more  so  than  is  usually  the  case  with  chain- 
iron),  the  clos  ure  does  not  continue  to  be  rapid,  and  at  an  extreme  stress, 
sufficient  to  rupture  the  studded  link,  if  there  be  one  in  the  section 
under  test,  the  closure  has  not  been  so  great  as  to  unfit  the  open  links 
for  service. 

With  irons  F  and  O,  both  extremely  ductile,  sonie  of  the  open  links 
were  too  much  closed  for  service,  but  others  were  not,  after  having  re- 
sisted the  stress  which  broke  the  studded  links.  Such  iron,  howtver, 
will  not  often  be  made  up  into  cables,  and  we  have  to  a  certain  extent 
a  resource  by  which  this  early  closure  of  the  sides  may  be  delayed  with 
all  irons. 

A  cable  made  of  bolts  of  i^'  greater  diameter,  without  studs,  will  pos- 
sess fully  20  per  cent,  more  strength  than  the  smaller  studded  cable, 
and  will  weigh  but  a  trifle  more.  For  instance,  the  weights  and  qual- 
ities may  be  compared  by  giving  the  data  as  to  the  two  sizes,  IJ''  and 
1|''.    Their  weights  would  be  as  foUows : 

For  150  fathoms,  or  10  Bections,  1^''  studded  cable : 

Pounds. 
Number  of  links, 2,025;  weight 19,643 

Number  of  swivels,  4:  weight. 140 

Number  of  shackles,  10;  weight 195 

Number  of  club-links,  1;  weight 165 

Total 20,143 
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For  150  fathomSi  or  ten  seotionB,  If"  nnstudded-link  cable: 

Ponsds. 

Nnmber  of  links,  1,875;  weight 21,366 

Knmber  of  swivels,  4;  weight 193 

Number  of  shackles,  10;  weight •        240 

Number  of  clab-links,  1;  weight 220 

Total 22,008 

Thus  the  difference  in  weight  would  be  but  1,865  pounds. 

The  probable  strength  of  the  li'^  studded  would  be  at  the  greatest 
157,000  pounds ;  that  of  the  1§",  if  studded,  182,000  pounds,  and  if  un- 
studded,  considerably  more,  the  minimum  diiierence  of  25,000  pounds 
being  nearly  16  per  cent,  of  the  entire  strength  of  the  1^''  cable.  And 
as  the  action  of  the  stud  tends  to  pry  ojpeo  such  welds  as  may  not  be 
I)erfect,  the  chances  for  regularity  in  strength  are  much  increased  by  its 
omission.  And  it  is  more  than  probable  that  the  extreme  stxess  which 
the  IJ"  would  break  at  would  not  close  the  links  of  IJ"  to  such  extent 
as  to  render  them  unserviceable. 

The  third  objection  to  the  use  of  unstudded-link  cables  is  that  it  is  pre- 
sumed that  they  are  more  liable  to  become  fouled  and  kinked  than  the 
studded-link  cable,  while  being  stowed  in  the  chain-locker,  or  when  slack 
and  the  vessel  changes  her  position  without  tautening  the  cable. 

There  are  reasons  based  upon  facts  which  actually  exist,  connected 
with  the  process  of  manufacture,  which  justify  us  in  the  assumption  that 
the  danger  from  this  cause  is  not  so  great  with  unstudded-link  as  with 
studdedlink  cables. 

Before  giving  these  reasons,  it  will  be  admitted  that  with  perfectly 
made  studded  links  this  greater  liability  of  kinking  may  not  exist,  but 
links  are  not  always  periect  and  of  the  dimensions  given  in  the  table 
(page  172).  With  such  links,  there  is  in  each  a  space  between  the  edge 
of  the  stud  and  the  crown  of  the  link  of  from  f  on  a  1",  to  |''  on  a  2", 
the  link  being  made  from  a  bolt  of  exactly  twelve  diameters  in  length, 
and  the  stud  perfectly  trimmed  after  casting,  and  adjusted  to  the  exact 
center. 

It  often  happens,  either  through  fault  in  cutting  or  through  "  wast- 
ing in  the  fire,"  that  the  bolt  is  reduced  to  less  than  its  proper  length. 
Sometimes  it  happens  that  iu  bending  the  links  one  leg  is  left  a  litile 
longer  than  the  other.  When  the  bolt  is  shortened  by  "  wasting,"  its 
diameter  at  the  end  is  also  reduced,  and  the  welder  hits  it  a  few  times 
against  the  anvil,  which,  while  driving  back  or  upsetting  the  end,  gen- 
erally increases  its  diameter,  and  a  long  lap  becomes  necessary.  If  the 
link  is  unevenly  bent,  the  same  upsetting  takes  place  by  blows  upon 
the  long  end.  Thus,  when  made  from  a  shortened  bolt,  there  is  a  great 
probability  of  a  large  weld  and  of  further  shortening  of  the  finished  link 
by  a  long  lap.  Assuming  a  link  to  be  thus  finished  and  reduced,  from 
any  or  all  of  the  causes,  in  length,  there  arises  from  this  shortness  a 
probability  that  the  stud  will  not  be  exactly  centered.  While  being 
welded,  the  link  is  grasped  by  tht  tongs  at  the  butt;  the  thickness  of 
the  tongs,  together  with  that  of  the  finished  link,  which  passes  through 
the  butt  end  of  the  one  being  welded,  prevent  the  stud  from  being  placed 
too  near  to  the  butt,  and  make  it  very  probable  that  it  will  be  fixed  a 
little  off  center  toward  the  weld  end. 

The  link  being  thus  shortened,  and  the  stud  too  near  the  weld  end, 
still  another  reason  may  arise  which  may  cause  a  still  further  reduction 
of  the  space  between  stud  and  crown ;  the  edge  of  the  stud  may  not  be 
smooth.  After  casting,  a  ^<  gate"  is  frequently  left  on  the  edge  of  the 
Btud  through  want  of  care  in  cutting  and  trimming  with  a  coldchiseL 
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Through  the  operation  of  any,  or  perhaps  all,  of  these  causes  the 
space  may  be  so  much  reduced  that  a  jam  is  rendered  highly  probable 
at  any  time  when  through  any  cause  the  normal  position  of  the  links  is 
altered. 

In  the  cut,  Fig.  1  represents  a  1''  studded  link,  half  size,  two  others 
passing  through  it. 

In  Pig.  2  the  same  link  is  shown  as  it  would  appear  if  shortened  ^'': 
the  solid  lines  of  the  stud  show  it  as  placed  in  the  exact  center;  th* 
dotted  lines  show  a  very  possible  inacuracy  in  its  adjustment,  by  whici 
the  space  is  diminished  to  |'^    If  it  be  still  further  reduced  by  imx)er 
fection  of  the  stud,  the  chances  for  kinking  are  great. 

Of  course,  links  need  not  be  made  thus  imperfect,  but  they  frequently 
are  to  a  greater  or  lesser  extent.  Chain-welders  generally  do  *^  task- 
work,'' and  will  take  the  chances  of  an  imperfect  link  escaping  detec- 
tion by  inspection,  rather  than  expend  considerable  unremunerated  time 
in  cutting  out  and  replacing  defective  links.  Were  the  links  withoat 
studs,  the  reduction  in  length  would  in  no  way  decrease  their  value. 
The  inside  diameter  of  the  links,  3|"  x  If"  on  a  1"  link,  and  GJ"  x  3^" 
on  a  2",  is  not  great  enough  to  permit  the  links  to  become  completely 
shifted  in  their  relative  positions.  And  as  when  the  two  links  within  a 
third  are  as  close  to  one  end  of  the  third  as  they  can  get,  there  is  still  a 
considerable  portion  of  the  one  nearest  to  the  center  of  the  third  which 
through  its  diameter  reaches  past  the  central  transverse  axis,  which 
portion  will  be  greater  if  the  third  or  center  link  is  shortened,  the  efiect 
of  tension  would  be  to  cause  the  three  to  at  once  assume  their  proper 
position. 

Although  we  have  made  no  experiments  to  determine,  we  believe  that 
the  shorter  link  would  possess  more  strength  than  the  other. 

A  vessel  which  would  be  provided  with  150  fathoms  of  studded  IJ" 
cable  would  probably  be  more  safely  fitted  out  with  105  fathoms  of  ud- 
studded  1|",  and  the  weight  could  be  thus  safely  reduced  from  20,143 
pounds  to  18,000  pounds. 

BECOBD  OF   TESTS  BY  TENSION  UPON  SECTIONS  OF  CABLE-LINKS  APO) 
UPON  BABS  OF  THE  IBON  FBOM  WHICH  LINKS  WEBE  MADE. 

It  was  considered  that  if  there  existed,  as  seemed  probable,  a  relation- 
ship between  the  strength  and  other  properties  of  the  round  bar,  and 
those  of  the  links  made  from  it,  that  it  would  be  a  valuable  result  to 
determine  such  relationship,  and  to  find  to  how  great  an  extent  it  could 
be  depended  upon,  and  within  what  margins  it  existed. 

If  such  a  relationship  could  be  found  which,  within  narrow  and  well- 
defined  limits,  indicated  that  the  strength  found  in  the  bar  furnished 
valuable  evidence  as  to  the  probable  strength  of  the  links  made  from  it, 
the  information  would  prove  of  great  value,  inasmuch  as  the  simple  and 
inexpensive  test  of  tension  upon  a  portion  of  a  bar  would  provide  data 
by  which  the  i^robable  strength  of  a  cable  made  from  it  could  be  judged. 

The  following  tables  have  been  prepared  for  the  purpose  of  developing 
this  relationship  and  finding  its  margins. 

We  find  that  with  iron  of  moderate  tenacity  and  with  good  welding 
properties  the  percentage  of  the  bar's  strength,  which  is  carried  with 
great  uniformity  into  the  link,  is  from  160  to  175  per  cent.  •,  that  with 
irons  of  unsuitable  qualities  this  percentage  is  frequently  low  and  fre- 
quently high,  it  being  very  irregular,  and  averages  of  less  than  155  per 
cent,  made  up  of  very  irregular  factors  are  common^  and  that  with  the 
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best  chain-iion,  although  there  may  be  links  which  develop  over  175  per 
cent.,  sach  cases  are  rare. 

These  tables  also  contain  a  column  in  which  in  each  case  the  stress 
which  broke  the  cable  is  reduced  to  the  square  inch,  in  order  to  ascertain 
the  effect,  upon  the  strength  of  the  transverse  section  of  the  end,  of  the 
change  of  form  from  a  s^aight  bar  to  a  sharp  arch. 

These  tables  famish  many  of  the  data  which  have  been  utilized  by  us 
in  the  calculation  of  the  proof-table  contained  in  this  report. 

Stremgih  of  ckain  cables  tested  as  short  sections  and  single  links, 

r^th  appioxliiiAte  elMtio  limit  of  links,  location  of  mptore,  and  percentage  of  strength  of  original 

bars  deyeloped  by  the  links.] 

Iron  A. 

Bbobt  BBcnom  fbok  Bars  Nob.  112  to  162. 
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2 
2 
2 
2 
2 
2 
2 
2 


Stress  in  pounds. 


26.880 
29,760 
27.840 
28,160 

84.560 

41,280 

87,920 

45^120 

48,960 

47,040 

57,600 

58,560 

58,080 

66,800 

72,000 

68,650 

71,040 

81,600 

76,820 

85,440 

87,860 

86,400 

96.000 

101.000 

100.800 

100,000 


I 

i 

I 


72,672 
71, 712 
60,600 
71,828 

88,800 

89,280 

80,040 

110,880 
118,480 
114,680 

188,480 

186^820 

184,400 

147,840 

150,860 

158,600 

169,000 

179, 520 

174,260 

216,000 

218.120 

314,560 

252,960 

270.240 

268,224 

360,282 

288.200 
260.882 
257.260 
209.000 
248.000 
244.000 
279.986 
270.240 
304,003 


88,988 
87,764 
88,017 
88,441 

88,584 
89, 012 
88,773 

90,886 

95,012 

02,689 

89,877 
92,488 
01,180 

88,667 

90,186 

86,926 

82,000 
67,108 
84,551 

90,882 
87,596 
89,318 

91,125 

86,009 
85,867 
85,688 

90.184 
82,871 
81,877 
85,614 
78,980 
77,657 
80,093 
86,009 
84,038 


I 


I 


3 


r.W 
r.B. 


S 


r.W 
r.W 


t 


W 
W 


Side.. 
Qr.W 


Side.... 
ThraW 


a 


r.B. 
r.W 


Side 


Qt.B. 
Qr.W 


H 

c  s 


84.0 
41.5 
40.0 
S04» 

88.9 
46w2 
43.5 

40.7 
41.3 
41.0 

48.5 
42.9 
48.3 

42.2 
62.2 
44.7 

42.0 
45.5 
48.7 

39.6 
41.0 
40.8 

8&0 


I 

I 
I 

O 

.a 

I 

CO 


n 

1.00 
1.15 
L80 
1.15 

LIO 
1.20 
1.15 

L40 
1.00 
1.30 

L80 
1.70 
1.50 

1.60 
1.80 
1.65 

1.20 
1.50 
1.85 

L70 
2.00 
1.85 

2.00 


1.70 
L54 
1.61 
1.60 
1.47 
1.86 
L66 


1.50 


o 

t 
I 

CO 


44,126 


58,907 


66,113 


78,944 


91,680 


111,984 


138,840 
141,130 


163,340 


157,588 


f 

OQ 


164.6 
162.4 
156.8 
161.8 

164.4 
165.4 
164.9 

167.8 
179.2 
178.5 

168.0 
172.6 
170.8 

16L2 
173.8 
167.5 

160.8 
160.4 
155.6 

174.0 
172.0 
178.0 

170.0 

in.  4 

170.2 
170.8 

178.4 
165.2 
162.0 
170.6 
157.4 


177.6 
171.4 
168.0 


12  TM 


178 


TE8T8   OF   METAL8. 


Strength  of  chain  ooMes,  ^. — ContixiQed. 
Iron  A — Continned. 

SniOLB  USEE  FROM  SAMS  BABS. 


8 


27 

28 

Av. 

29 

80 

Av. 

31 

32 

33 

84 

35 

86 

87 


// 
1 


1* 


U 

If 

l» 

If 

If 

l| 
2 


I 

o 

I 

I 


StrMB  In  pounds. 


29,840 
29,840 

44,160 


44,160 

46,770 
65,680 
65,740 
72,960 
86,400 
101,760 


I 

I 

5 


76.936 
76,320 
70,128 

94,080 

96,600 

95,840 

111,360 

134,880 

158,400 

184,800 

215,520 

252,486 

298,760 


i 


6 

% 

O  o  a 


06.684 

97,173 

00,928 

94,643 
97,1^ 
95,015 

90,767 

90,828 

80,643 

89,103 

89,613 

91,445 

98,494 


I 


Side. 
Qr.B 


$: 


B 
B 


Qr.W.. 
Qr.W.. 
Qr.W.. 
Qr.W.. 
Qr.B... 
Side.... 
Thro.B. 


89.2 
89.2 

46.8 


46.8 
42L0 
4L3 
4L5 
89.4 
40.0 
40.8 


// 


•I 

I 

O 

.a 


to 


\  i 

I 


44,120 


68,097 

00,112 

78,044 

01,080 

111,084 

128,840 

141,120 

102,240 


178.0 
178.0 
172.5 

174.2 
178.8 
170.0 

108^ 

170.8 

172.8 

105.0 

174.0 

170.0 

181.0 


IsonB. 

SnrOLB  LIKKB  FBOM  SAMPtB  BaBS  K08.  163  TO  174. 


88 

lA 

1 

89 

1 

40 

1 

41 

1 

42 

1 

Av. 

43 

Ui 

44 

1 

45 

1 

Av. 

46 

m 

1 

47 

1 

48 

1 

49 

1 

50 

1 

51 

1 

52 

1 

Av. 

75,260 
78,400 
67,200 
88,900 
84,100 
77,702 


101, 760 

115,000 

108,850 

103,100 
121, 340 
122,690 
118.460 
110,400 
117, 310 
113,280 
115,220 


149,760 
153,020 
162,050 
160, 530 
136,700 
150,412 

213, 120 

208, 140 

221, 960 

212,787 

234,050 
228,860 
240,770 
233,280 
210,260 
225,220 
239,420 
281,551 


92,274 

94,282 
99,846 
92,748 
84,226 
03,075 

95, 313 

90,850 

99,262 

95,142 

90,  n7 
88,705 
93,821 
90,418 
84,984 
87,294 
.92,788 
89,748 


50.3 
51.2 
41.6 
56.7 
61.6 
53.0 


60.0 
56.0 
68.0 


50.4 


80,000 


131,160 


142,000 


108.8 


176.0 


103.8 


SHOBT  BBCnOlfB  FROM  IBOK  DBLIYKBED,  BABB  l^OB.  816  TO  825. 


68 

li^ 

2 

54 

2 

55 

2 

56 

2 

67 

2 

58 

2 

59 

2 

60 

2 

61 

2 

62,000 
62,000 
59,000 
66,000 
57,700 
59,000 
57,500 
67,500 
76,840 


164,000 
149,000 
150,000 
152,000 
152,600 
151,700 
189,600 
140, 000 
154,750 


94,886 
91,805 
92,431 
93,683 
94,021 
98,468 
86.018 
86,260 
95,348 


Qr.B.... 
to.B.... 
Thro.  W. 
Thro.  VV 
Thro."W. 
Thro.  W. 
Thro."Vr. 
Thro."W. 
Qr.W... 


40.2 
41.6 

LOO 

39.3 

1.50 

86.8 

1.50 

37.8 

1.50 

8a  8 

1.44 

41.2 

1.00 

41.1 

1.S0 

49.0 

1.10 

181.4 
175.6 
176.6 
179.0 
179.2 
178.6 
104.4 
164.8 
182  4 


TESTS   OF  METALS. 
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Strength  of  dhain  cahle$f  fc, — Continaed. 

Iron  B — ContinnecL 

Shobt  ncmoHS  from  ibon  dsuysbsd,  Babs  Kos.  816  to  825— Continned. 


I 


S 


02 
63 
64 
65 
Av. 

66 

67 

68 

60 

Av. 

70 
71 
72 
78 
Av. 


IH 


l« 


I 

a 


I 
m 


2 
2 
5 


2 
2 
2 
5 


2 
2 
2 
5 


Stress  in  pounds. 


62,500 
65,280 
60,000 
67,970 
61,721 

88,700 
80,870 
87,740 
85,440 
87,9S7 

80,000 


00,260 
04,080 
04,143 


155,040 
144,480 
150, 700 
153,.  400 
140,700 

104,880 
109,680 
196,000 
201,020 
108,144 

281,040 
212,700 
235,070 
211, 800 
221,050 


05,626 
89,020 
92.852 
94,516 
02,203 

Q7,155 
80,302 
88,100 
80,000 
86,037 

80,899 
89,441 
89,368 
81,934 
85,010 


40.4 
45.1 
89.8 
44.8 
41.1 


44.4 

88.4 
43.0 
44.5 


41.5 


A 


I 


OQ 


H 


3.10 
1.60 


1.32 


1.23 


s 

O 

t 


CO 


84^62 


118,273 


137,023 


I 
I 


182.6 
170.2 
177.0 
180.8 
170.4 

164.8 
168.8 
166.6 


160.7 

169.2 
155.2 
16&2 
154.2 
101.T 


ITnbtuddsd  sxctiokb  fbok  Bars  Nob.  816  to  310. 


74 

lA 

2 

76 

2 

76 

2 

77 

2 

78 

2 

70 

2 

80 

2 

81 

2 

82 

2 

88 

2 

Av. 

40,200 
55,700 
46,000 
40,000 
53.000 
50,000 
50,000 
57,000 
55,000 
56,500 
62,140 


158,400 
156,500 
164,650 
157,000 
159,500 
163,200 
160,000 
151, 700 
147, 800 
152, 000 
157,025 


97,507 
06,426 

101, 447 
06,734 
88,275 

100,554 
88,582 
03,468 
80,758 
03,688 

00,752 


31.0 

1.25 

85.6 

1.50 

27.9 

1.75 

31.2 

1.60 

33.2 

L44 

86.0 

1.75 

81.2 

1,25 

37.5 

1.44 

37.3 

L32 

87.1 

1.12 

33.8 

1.44 

84,802 


180.0 
184.4 
194.0 
18&0 
186.8 
184.4 
18&4 
17&8 
17^6 
179.0 
184.0 


The  unbroken  links  of  the  above  sections  were  again  palled,  with  the 
lesnlt  as  given  below : 


i 


I 


84 
85 
86 
87 


1 

1 
1 
1 
1 

1 


Stress  in  pounds. 


142,000 


167,000 
157,000 
170,000 
165,600 


87,482 


102,805 

06,734 

104,744 

102,088 


Thro.W. 

End  Ik. 

Thro.W. 

ThiaW. 

Thxo.Bb 

ThTO.Bb 


^ 

1 

a 

"9 

^ 

3 

i 

^ 

o 

1 

1 

1 

H 

^ 

00 

1 

01 

1 

02 

1 

06 

1 

Av. 

•  ■  «  • 

Stress  in  pounds. 


168,600 
150,100 


164,200 
101,002 


103,820 
08,028 


101, 170 
00,014 


ThTO.B. 
Thro.W. 
End  Ik. 
Thxo.a 
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TESTS   OF   METALS. 


Strength  of  chain  eablcBy  ^o. — Continued. 

IBON  C. 

SraOLI  LDTKB  FSOK  BAB8  NOB.  175  TO  ISO,  ASD  KOS.  853  TO  872. 


i 


Av. 

06 

Av. 

06 

97 

Av. 

98* 

09* 
100 
101 
102 
103 
104 
105 
106 
107 
108 
100 
Av 

110* 

111 

112 

118 

114 

115 

116 

Av. 

117* 

118* 

119 

120 

121 

122 

123 

124 

Av. 

125* 


i 

•8 


p 


// 


u 


u 


ll 


lA 


If 


IH 
H 


IH 


^1 

r 


1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 

5 
1 
1 


1 
1 
1 
1 
1 
I 
1 
1 


StieM  in  pounds. 


48,600 


63,400 

69,500 

61,450 

84,500 

67,200 

75,850 


I 
I 


101,800 


67,200 
66,720 
72,960 
68,160 
70,800 
78,000 
76,800 
78,700 
82,600 
77,700 
78,464 


81,600 
82,600 
88,800 
81,600 
81,600 
78,700 
82,400 


90,800 
87,400 
105.600 
96,000 
98,900 
97,900 


122,100 

124.800 

12S,450 

134,800 

132.000 

118,400 

140.600 

178.200 
106.560 
163,680 
164,640 
165.600 
168.060 
167,000 
174. 700 
176,300 
171.800 
173,400 
100,204 

102,900 
178,600 
190,100 
199,300 
186.800 
203,500 
107,800 
102,085 

107,800 

241,000 
200,600 
237.100 
228,500 
226.500 
256,800 
232. 300 
280,217 

227,300 


102,414 


05,436 
101,711 
98,578 

00,774 
88,888 
89,831 

02,175 

100,850 
04,261 
02.631 
03,175 
03,718 
05,610 
04.510 

OR  MUt 

09.773 

97,277 

98,132 

05,700 

03,007 
86,113 
01,658 
06,004 
00,067 
08,110 
05.371 
02,004 

88,461 

100,207 
83,004 
98,585 
95. 010 
94,178 

106,  570 
96,600 


Tbio.'W 


^ 


W. 


ide 


S 


r.  W. 


Qr.W. 

Or.  W. 
Side... 
Weld.. 

§|r.B.. 
ide... 
Side... 
Side... 
Qr.W. 
Side... 
Qr.W. 
Qr.W. 


Qr.W. 


Qr.W. 


47.6 


51.9 
47.7 
49.8 

62.7 
50.9 
60.8 


40.8 
40.8 
44.3 
41.2 
4L9 
43.7 
43.9 
44.6 
48.0 
44.8 
43.4 


45.7 
43.5 
44.3 
4a7 
40.0 
89.8 
42.8 


4&2 
36.8 
46.2 
42.4 
88.6 
42.1 


i 

t 

a 

I 


57,125 


71,040 


81,000 

84,000 


97,921 


115,740 

111,400 


130,835 

131,600 


178.2 

17L8 
175.6 
173.0 

165l2 
161.8 
103.4 

17a  0 

19L4 
170.0 
167.1 
168.1 
169.1 
171.6 
170.5 
178.4 
180.0 
175.4 
177.0 
172.7 

189.6 
154.2 
164.0 
173.0 
161.2 
17&0 
170.8 
100.4 

177.6 

199.0 

158.2 
181.2 
174.6 
173.0 
105.8 
177.4 
175.8 

172.8 


BHOBT  SKCTI0M8  FBOM  THB  SAME  BAB8. 


126 
127 
128 
120 
130 
131 
132 
Av. 


1| 


If 


2 
2 
8 
5 
7 
10 
10 


2 
2 
8 

5 

7 

10 

10 


68,400 
66,200 
60,100 
63.400 
78,000 
72,000 
62,800 
05,700 


78,700 
76,800 
08,000 
80,300 
85.400 
85,400 
61,100 
82.220 


162,800 
150,400 
160,300 
147,000 
163, 700 
157,000 
155,100 
167,000 


185,800 
184,000 
174,700 
104,000 
177,100 
188.200 
158,400 
180,500 


02,133 
00,200 
00,710 
83,100 
02,643 
88,850 
87,777 
89,300 


80,844 
80,151 
84,238 
08,073 
86,800 
00,742 
76,874 
87,030 


133 
184 
135 
136 
187 
138 
130 
Av. 

Links  marked  *  were  ftom  oiiginsl  ssmple  bars,  the  renksinder  ohsin-iran  deliTered  of  4",  If",  If, 
sad  porchssed  bars. 


88.0 

41.5 

43.0 

63.1 

44.6 

46.0 

840 

44.4 

42.6 

4L6 

56.6 

48.8 

4&2 

45.4 

8&6 

45.0 

07,021 


116,740 


167.0 
168.0 
164.4 
150.8 
168.0 
161.2 
ISOlO 
101.0 


160.0 
158.0 

160.0 
168.4 
153L0 
162.4 
186.  g 
155.S 
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Strenfftk  of  tkain  odblea,  ^o. — Continaed. 

Iron  C— Continaed. 

Shost  BBcnom  fbou  thb  saicb  babs— Contiikned. 


i 

a 

• 

1 

i 

1 

1 

^ 

•s 

i 

1 

1 

1 

J 

1 

H 

s 

iz* 

// 

140 

ll 

2 

141 

2 

142 

8 

143 

8 

144 

8 

145 

5 

146 

6 

347 

6 

148 

7 

149 

7 

150 

7 

151 

10 

162 

10 

Av. 

Stress  in  pounds. 


88,800 
81,600 
08,900 
86,400 
92,200 
07,000 

101,800 
96.000 
87,400 

103,700 
85,400 
07,000 
57,600 

•0»654 


225,600 
231,300 
207,400 
196,800 
170,000 
196,800 
193,000 
175, 700 
212,200 
192,000 
203,500 
202,600 
191,000 


93,804 
06,174 
86,231 
81,414 
71,060 
81,829 
80,249 
72,056 
88,232 
70,800 
84,615 
84,240 
79,418 
81,009 


I 

I 


39.1 
35.2 
47.7 
44.1 
53.9 
49.7 
52.7 
64.0 
41.1 
54.0 
42.0 
47.8 
80.0 
46.6 


» 


I 


1S0»8S6 


172.4 
176.7 
168.5 
149.6 
180.6 
150.4 
147.6 
134.3 
162.2 
146.7 
155.5 
164.8 
160.0 
151.0 


Iron  D  (first  lot). 

SnOLB  UXKB  FBOU  BAB8  NOS.  410  TO  417. 


153 

154 
Av. 

n 

155 
166 
Av. 

u 

157 
158 

Av. 

If 

159 
160 

Av. 

11 

161 
162 
163 
164 

1 

87,900 

86,600 

S7/i0O 

88,800 


U300 

67,600 


67,600 

70,600 

78,000 

71,800 

85,000 

94,100 

94,600 

184,400 


97,400 

05,000 

06400 

124,800 
122,800 

m,8oo 

144,800 

142,000 

148,400 

178.500 

178,100 

178,800 

199,700 
281,400 
288,100 
276,500 


07,988 

95,678 

06,780 

101.711 

100,081 

100,896 

97,608 

96,622 

06,666 

101,018 

100,792 

100,906 

96,287 
96.216 
86.236 
88,000 


Bntt  . 
Qr.W. 


Qr.'W 
Qr.B. 


Qe.W. 

mi 


ide 


Side  . . 
Qr.W. 


38.9 
3a4 
88.6 

48.1 


46.1 

89.8 


S9.8 

39.6 
41.0 
40.8 

42.5 
4L0 
40.0 
4&5 


64,660 

68,160 


68,160 
81,000 


81,600 


03,160 

111,360 
126,720 
142,060 
160,700 


17&6 
174.0 
176.6 

182.0 
180.0 
181.0 

177.4 
174.0 
176.7 

193.6 
193.3 
108.4 

179.2 
182.6 
167.6 
172.0 


SHOBT  BBCnOHB,  BBOOND  LOT,  1877,  FBOK  BABB  NOS.  418  TO  428. 


166 

1 

8 

166 

n 

8 

167 

1 

8 

168 

1 

3 

169 

1 

8 

170 

1 

8 

171 

1 

8 

172 

li 

3 

173 

2 

8 

Av. 

86,200 
46,000 
55,200 
71,500 
80,100 
90.000 
90,000 
112,300 

116,000 


79,200 

87,500 
113,000 
137,200 
173.000 
182. 000 
204,000 
215.000 

240,000 


100,843 
88,814 
90,617 
91,711 
97,906 
88,306 
84,823 
76,468 

77,947 


27ot  broken 


45.7 
5L4 
4&8 
52.1 
46.3 
49.5 
48.5 
62.2 


1.25 
L55 
1.60 
2.25 
2.50 
3.00 
8.10 
3.75 


I 


48,000 

58,700 

72,800 

86,800 

101,200 

110, 500 

128,600 

149, 000 

142,100 

140.800 

146,960 


166.0 
149.0 
166.3 
158.0 
170.8 
164.8 
168.6 
144.2 


164.4 


182 


TESTS   OF  METALS. 


Strength  of  chain  odblM,  j^c, — Continued. 

Iron  E. 
SnroLB  UHKB  nunc  babs  Koe.  181  to  204,  476  to  40& 


i 


8 


174 
175 
176 
177 
At. 

178 
179 
180 
181 
Av. 

182 
183 
184 
185 
Av. 

186 

187 

188 
189 
Av. 

190 

191. 
192 
Av. 

193 

194 

195 

196 

197 
198 
Av. 


I 
§ 

5 


4 


U 

i| 
Hi 


I 


I 


Stress  in  pounds. 


44.200 
43.800 
48,000 
43,800 
49,700 

44.200 
44,600 
45,100 
44,600 
44,625 

53,800 
63,800 
53,700 
54,700 
54,500 


I 


65,300 

72,000 

68,650 


73,000 

71,500 

72,350 


91,000 


92,600 

95,000 

93,800 


87,400 
90,200 
85,500 
87,500 
87,650 

112,500 
119.000 
109,400 
113, 700 
118,650 

182,600 
137,700 
130, 100 
139,200 
184,000 

162.432 

179,520 

162,400 

158.900 

160,650 

205,056 

194,300 

185,300 

189,800 

213,696 

218,304 

221,500 

234,816 

243,600 

223.600 

288,600 


C  O  ^ 

^8 


el-2 


S 


£ 

0 

I 


84,120 
86,814 
82,290 
84, 215 
84,860 

90,216 
95,429 
87,730 
91, 178 
91,188 

87,409 
90,771 
85,761 
91,760 
88,925 

100,081 

101,684 

91,907 

89,926 

90,916 

98,870 

93,196 

88, 787 

90,991 


Qr.B. 
Qr.W. 


%■ 


Qr.B. 

Qr.W. 
Qr.B. 


95,570 
90,770 
92,099 
91, 014     Qr.  B 


j  Qr.  B . 
Qr.B. 
Qr.W. 


86,845 
78, 871 
82,858 


% 


T.W. 

r.W. 


I. 

IS 


Si 

I 


50.6 
48.6 
50.3 
50.0 
49.9 

89.8 
85.7 
41.2 
89.2 
19.8 

40.6 
89.0 
42.8 
89.3 
40.4 


40.2 
45.3 
49.7 


37.6 
38.6 
88.1 


4L0 


38.0 
42.5 
40.2 


I 

M 
& 

I 
I 

OQ 


// 


I 

O 


QQ 


65,153 


67,200 


70,296 

87,552 
96,884 


97,920 
109,248 


108,384 
116,644 
119,808 
124,128 
129,792 


142,991 


I. 


0 


§8 


OQ 


158.4 
1G3.6 
155.0 


158.V 

167.4 
177.0 
162.8 
160.2 
169.1 

167.2 
173.6 
164.6 
175.6 
170.2 

185,6 

186.0 

165.8 
162.2 
164.0 

187.7 

179.2 
17L0 
175.1 

183.2 

182.2 

17&4 

180.9 

170.0 
156.4 
168.2 


Iron  F  (first  lot). 
Shobt  sEcnoirs  of  cable  lccxs,  from  bars  Kos.  499  to  514. 


199 
200 

20L 
202 
203 
204 
205 
206 


u 

2 

u 

2 

ll 

2 

u 

2 

u 

2 

li 

2 

n 

2 

2 

2 

28,500 
50,000 
51,000 
60,540 
71,000 
76,400 
83,500 
105,000 


86,400 
101,700 
119,000 
155,500 
174,700 
203,500 
230,900 
268,750 


87,698  I  Qr.W. 
82,855  Qr.W. 


79.645 
88,002 
84,764 


Qr.W.... 
Tfaxo.  B . . 
Thro.  B. 


84,615  I  Qr.W. 
83, 177  Qr.  T*^. 
86,414     Qr.W. 


68,850 

64,990 

77,235 

91,875 

107,520 

121,920 

140,925 

152,260 


162.S 
156.4 
154.0 
169.2 
162.5 
166.9 
163.8 
176.5 


TESTS   OF  METALS. 


183 


Strength  of  chain  cdblee,  ^.^Continued. 
lEON  F  (fikst  lot) — ContinuecL 

SiNOLB  LIKK8  VBOU  THK  BAMS  BAB0. 


I 

a 

g 


207 
208 

Av. 

209 
210 
At. 


211 

212 

At. 

218 
214 
215 
216 


I 


li 


ll 


11 
11 
If 
ll 


I 

« 

o 


Stress  in  potmds. 


44,700 

43,700 

44,200 

60,500 

49,600 

50,000 

03,600 

65,000 

•4^00 

68,640 

78,800 


I 

B 


97,000 

94,100 

06,000 

116, 200 

113, 300 

114,250 

136,800 

135,400 

1S6,100 

162,600 

189,100 

210,200 

228,200 


l\ 


>*   a 

lis 


99,870 
95, 513 
07,441 

93,888 
92,339 
08,118 

91,443 

90.508 

00,075 

86,360 

91,751 

87,401 

80,403 


§: 


.W. 


Qr.'W. 
Qr.B.. 


TI1T0.B 
Qr.W.., 
Qr.W.., 
Qr.*W... 


I 


I 
ll 


49  9 


Q 


46 


8.7 


47.2 

448 
40.6 


I 


I 

OQ 


o 


OQ 


52,090 


64,000 


77,285 

91,875 

107,620 

121,920 

140,925 


i 


ll 


181.0 

177.2 
174.4 
175.8 

177.1 
175.3 
176.2 

166.0 

175.8 

172.4 

158.0 


Iron  F  (third  lot). 
Sbobt  BBcnoir  or  cable-limks,  fbom  babs  Nor.  079  to  704  akd  735  to  762. 


217 

1 

8 

218 

Ik 

8 

219 

Ik 

8 

220 

1| 

8 

221 

u 

8 

222 

u 

8 

228 

ll 

8 

224 

1 

8 

225 

i 

5 

226 

5 

227 

5 

At. 

.... 

228 

1 

5 

229 

5 

280 

5 

231 

5 

At. 

282 

1 

5 

233 

5 

284 

5 

At. 

235 

f 

5 
5 

At. 

•  •  •  • 

85,600 

47,600 

55,000 

65^600 

70,600 

90,000 

90,000 

100,600 

1,500 
1,600 
1,500 
1,683 

4,000 
8.800 
8,900 
3,800 
8,875 

4,200 

6,600 

9,000 

6,600 

6,600 
6.000 
6,800 


67,600 

85,000 

107,600 

128,600 

150,600 

197,600 

215,600 

288,600 

3,825 
4,000 
8,500 
8,775 

8,275 
9,000 
8,840 
10.050 
8,016 

.  17,600 
15,800 
17,400 
16,988 

25,000 

25,800 

25,400 


84,872 

8f[,745 

87,603 

85,962 

85,172 

83,095 

78, 514 

73,621 

77,290 

80,000 

70,720 

76,008 

74,950 
81, 520 
75,650 
90, 570 
80,647 

89,660 

80.000 

88,640 

86,100 

84, 170 
86,868 
85,519 


Thro."W 

Thro-W 

Threw 

Thio.B. 

Qr.W... 

Qr.W.. 

Thro.W 

ThraW 

"Weld... 
Thro.  W 
Threw 

Thro.W 
Thro.W 
Thro."W 
Qr.B... 

Qr.W... 
Weld... 
Qr.W... 

Qr.W... 
Qr.W... 


52.6 

66.0 

51.1 

5L0 

47.0 

45.5 

4L7 

43.0 

39.2 
40.0 
42.8 
40.7 

48.8 
42.2 
46.7 
37.8 
48.7 

28.8 
41.7 
61.7 
89.1 

22.4 
19.4 
20.0 


41,600 

60,800 

64,700 

78,800 

80,800 

120,200 

186,600 

151,000 


2,919 


5,940 


10,848 


15,024 


162.4 

168.8 

166.0 

164.2 

167.6 

164.6 

157.8 

148.8 

131.0 
187.0 
119.9 
129.8 

139.1 
15L3 
140.0 
169.1 
140.0 

170.1 
152.7 
16a2 
163.7 

157.0 
162.0 
159.6 


184  TESTS   OF  METALS. 

Sinmgtk  of  e^t»  cables,  fe. — Contliined. 

Iron  F  (thibd  LOT)--CoiitiiiaecL 
Short  ucnom  ov  CABLB-umu,  fbou  babb  Nos.  G79  to  704  akd  785  to  762. 


i 

a 

e 

I 


238 

237 
Av. 


238 
239 
Av. 


% 

e 

I 


a 


// 


I 


5 
5 


5 

4 


StTOM  in  pounds. 


a 


n 


10,000 

10.000 

10»000 


17,000 
14,010 
16,809 


88.000 

31400 

84,700 


44.000 

48,800 

46,400 


1^' 


81,540 

67,380 

74,400 


71.035 
78,964 
74,000 


3 

I 

§ 


%\ 


eld. 


I 


^9 


End  Ik. 
Bod  Ik. 


26.3 
31.8 
20.0 


s 

s 

9 

M 

• 

s 

C 

A 

!S 

9 

.A 

^ 

O 

O 

JB 

A 

"fi 

5 

0 

1 

CO 

// 


28,024 


81,817 


IBOK  Fx  (Lot  No.  1). 

SHOBT  BBCnOHB  OF  OABLI-LnKS  ffBOK  BABS  K06.  758  TO  797. 


5 . 


a 


Cfi 


165^0 
136.8 


160.0 

14a  6 

155u7 


148.1 


240 

1 

8 

241 

li 

8 

242 

u 

8 

243 

ll 

8 

244 

H 

8 

245 

If 

8 

246 

11 

8 

247 

If 

8 

248 

2 

8 

84,800 

44,400 

61,100 

78,000 

80,000 

96,000 

100,000 

110,800 

117,200 


70.800 
81,400 
111,000 
124,000 
153,000 
168,000 
186^000 
206^600 
240,000 


86,036 
79,726 
90,464 
82,887 
88,596 
81,613 
76,923 
74,063 
76.384 


Qr.W 

Thro.W... 

Qr.B 

Weld 

Qr.W 

Qr.W 

Qr.W 

TharaW... 
Not  broken 


49l5 

L12 

64.5 

L42 

65.0 

1.70 

62.9 

2.25 

52.8 

2.15 

68.8 

8.11 

64.0 

2.60 

68.9 

2.90 

4.80 

46,040 

67,620 

08,400 

80,860 

04,620 

110,140 

129,600 

146,780 

168,420 


160.8 
141.2 
163.0 
164.2 
101.8 
162.4 
149.8 
140.0 


Thibo  lot  fbom  Bab0  Koe.  825  to  842. 


249 

1 

260 

If 

261 

U 

262 

If 

268 

If 

264 

If 

8 

266 

1| 

8 

256 

If 

2 

257 

2 

2 

84,660 

89^600 

49.000 

60,000 

70,600 

88,000 

100,000 

109,000 

118,000 


69,600 
86,000 
105,000 
126,800 
162,800 
179,000 
190,600 
229,000 
288;  600 


88,617 
85,724 
84,202 
83,586 
86,815 
86,769 
80,287 
88,894 
75,988 


Thio-W... 

49.6 

Thio.W... 

46w0 

Thio.W..- 

46L7 

Qr.W 

47.8 

Qr.W 

46L2 

Qr.W 

4&4 

Th«>.W... 

62.6 

ThraW... 

47.6 

Thro.T^... 

49l6 

42,860 

64,800 

60,400 

80,000 

04,600 

111,800 

120,100 

1^6,600 

169,600 


104.4 

167.0 
168.0 
168.0 
101.0 
160.8 
161.9 
160.4 
140.0 


TESTS   OF  METALS. 


185 


Sirength  of  dhain^  odbleSf  ^o. — ContiimecL 

Iron  O. 
Snaui  uvKB  fbom  Babs  Nob.  205  to  22& 


Teat  nnmber. 


258 
258 
280 
281 
282 
288 


I 


// 

i| 
ift 
IH 
II 


Streasat— 


i 
I 


156,100 
180,100 
106^200 
108,000 
216,200 
223,300 


95,584 
00,805 
94,118 
88,560 
80,480 
88^560 


Qr.W. 
Qr.W. 
End  Ik 
Qr.W. 
Qr.W. 
Qr.W. 


J 


o 
to 


88,400 
91,800 
108,200 
115^800 
121,200 
129,800 


g 


OQ 


179.8 
174.4 
183.2 
17L0 
177.8 
172.0 


Iron  H. 

BmOUi  LDIKS  FBOM  BAB8  NOB.  229  TO  240. 


264. 


1| 
If 

u 


170,000 
204,100 
225,200 


98;  208 
97,409 
98,888 


Qr.W 
Qr.W 


92,700 
108,500 
129,400 


188.4 
188.0 
174.0 


Iron  J. 

BmOLB  USKB  IBOM  BABB  NOB.  258  TO  28L 


207 
268 

289 
270 
271 
272 


1* 
If 

IH 
II 


163,800 
157,800 
120,000 
211,800 
222,700 
105,800 


94,859 
89,190 
67,869 
94,688 
92,800 
76,891 


Qr.W 
Qr.W 
Qr.W 
Qp.W 
Qr.W 
Qr.W 


81,800 
90,200 
109,400 
121,000 
128,100 
128,300 


187.8 
174.8 
109.8 
174.8 
173.8 
155.0 


Iron  L. 

SiHGLB  LIRX8  FBOM  BabS  NOB.  282  TO  306b 


278 
274 
275 
278 
277 
278 


lA 

1| 

11 

IH 

11 

IH 


138,600 
108,200 
163,600 
222,900 
254,600 
282,000 


85,397 
109,837 

78,881 

99,642 
105,862 

89,922 


Qp.W 

Qr.W.... 

Qr.W 

Qr.W.... 
Qr.W  ... 
Qr.W.... 


112,230 
128,800 
139,200 
123,700 
145,000 
145,000 


123.4 
156.6 
116b  2 
180.0 
175.6 
160.0 


186 


TESTS   OF   METALS. 


Strength  of  ck(Un  odbleSf  ^. — Continaed. 

Iron  K. 
Shobt  ncnoKB  ov  oabi^ldou  vbom  babs  IT^ob.  848  to  068. 


6 

0 

a 
■*» 


279 
280 
281 
282 

383 

284 
Av. 

285 

286 

287 


J 


I 


/I 

n 
u 

11 
If 

u 
If 

2 


I 


a 


2 

2 

2 

2 

2 
2 

2 
2 
2 


Streas  in  pounds. 


e 


39,400 

47,000 

68,000 

67,600 

69,000 

70,800 

72,900 

72,500 

97,000 

104,000 


0« 

I 


84,500 

96,000 

126,800 

143,000 

171,000 
183.900 
177,450 

172,800 

246,800 

258,900 


•a -a 

1^' 


85,001 

78,240 

84,714 

80,925 

82,449 
88.669 
85,550 

71,850 

89,387 

82,400 


i 


J 


Qr.W 

46.6 

Wdd 

49.0 

Qr.W 

42.2 

Qr.W 

8L2 

Qr.W 

Qr.W 

40.4 
41.7 
41.0 

Qr.W 

42.0 

T.W 

89.0 

Qr.W 

40.0 

I 


eg 


i 


I 


If 
1.70 

.50 

.47 

.87 

.87 
.85 
.80 

.65 

LOO 

LOO 


I 

O 

! 


00,006 

72,900 

82,848 

101,280 


118,408 
189,200 
154,080 
101,620 


a  . 

m 


a) 


140.0 
181.4 
150.0 
141.2 


140.7 


160.0 
1SS.3 


SlVOLE  LUCKS  FBOM  SAMB  BAB8. 


288 
289 
Av. 

290 
291 
Av. 

202 
293 
Av. 

294 

205 
296 
Av. 

297 
298 
299 
Av. 

300 
301 
Av. 

802 

803 
804 
At. 


U 

If 

lA 
li 

If 

IH 

U 

If 


30,900 

40, 300 

40,100 

58,600 

60,200 

62,400 

57,600 

53,800 

65,700 


67,600 
57,600 

72,000 
72,000 


72,000 


97.000 

105.600 

101,800 


100.400 

92,200 

06,800 

128,600 

123.800 

120,200 

187,200 

126,700 

181,050 

178»000 

146,900 

184,700 

105,800 

202,200 

163,200 

215,400 

108,600 

233,800 

210. 300 

326,550 

241,500 

263,000 

264.000 

263,600 


101, 006 
92.756 
06,878 

104,808 

100,896 

102,852 

92,390 
85,320 
88,855 

109,673 

88,135 

104, 527 

08,881 

97,492 

78,688 

103, 857 

08,846 

104.561 

98,077 

101,810 

100, 415 

95,255 

95, 617 

05,436 


^: 


W 
W 


S 


[T.W 

r.W 


Qr.W 
^d< 


)ide 


Qr.W 


Z: 


W 
W 


|r.  B. 

IT.W 

r.W 


s 


T.W 

r.B. 


Qr.W 


3 


r.B 
r.B 


89.6 
43.7 
41.6 

45.6 
53.5 
40.5 

42.0 
42.5 
42.8 


89.2 


80.3 

85.6 
44.1 


80.8 


36.9 
40.0 
88.5 


00,006 


72,060 


82,848 
00,800 


101,380 


118,468 


180,000 
180,200 


154,080 


167.2 
153.4 
160.8 

176.2 
169.6 
172.0 

165.6 
153.0 
160,8 

179L2 

145.0 
182.0 
168.5 

170.8 
137.8 
18L8 
166.7 

179.5 
16a  7 
174.1 

173.4 

170.6 
17L4 
171.0 


TESTS   OF  METALS. 


187 


Strength  of  chain- cableSf  ^o. — Contmaed. 

Iron  N. 

SHOBT  BBCnOlTB  OF  OABLB  LDTKB  FROM  BAB8 ITOS.  806  TO  911. 


I 


s 


805 
306 
307 
308 
309 
310 
311 
812 


I 

O 

I 


U 
If 

l| 
If 
U 

2 


I 


S 


Streaa  In  pounds. 


II 


I 


4(^000 

58^000 

70,100 

80.000 

96.200 

110.800 

110,200 

118,000 


H?  a 

1^^ 


g 


I 
h 


85^000 
105^000 
126.400 
162.200 
195.600 
201.100 
223,700 
232,000 


84,915 


Thro."W. 


85, 574  :  Qr.  W 
84,492  Qp.W 
87,270  Qr.W 
92.568  Qr.W 
85, 538  j  Qr.  W 
81, 463  Qr.  W 


73. 116 


Thro.  W, 


|1 
I 


I 


I 

I 


QQ 


f3.0 
53.8 
65.4 
52.5 
49.2 
54.8 
6L9 
60.8 


176 
2.06 
2.52 
2,77 
8.60 
L75 
8.40 
2.60 


I 

t 

QQ 


•66,200 

60,300 

81,200 

08,400 

119,000 

129,360 

140,150 

164,200 


si 

I 

QQ 


ISl.'j 

nl.t 

1.56.4 
162.S 
164.2 
161.8 
150.6 
141.2 


Iron  O. 

SHOBT  BBCnONB  FBOM  BABS  NOB.  912  TO  920. 


313 

3 

314 

• 

8 

815 

8 

316 

8 

817 

8 

818 

3 

819 

3 

320 

8 

321 

2 

3 

81.400 
35.000 
45,800 
51,200 
60.000 
74.500 
90.000 
102,000 
119,800 


68,000 
80.900 
95,500 
125^400 
155,500 
180.000 
207,000 
237,000 
238,000 


84,872 
85,131 
77,832 
87,631 
86,823 
87,336 
89,070 
87,288 
75, 747 


Qr.  W  . . 
Qr.W.. 
Thro.W 
Qr.W  .. 
Qr.  B... 
Qr.  B... 
Qr.W.. 
Qr.  B... 
Weld... 


46.2 
63.3 
48.0 
40.8 
3&6 
4L4 
48.5 
48.0 
60.8 


46,000 

50.400 

61.400 

72,400 

91,400 

108,000 

116,500 

129.000 

151,000 


148.0 
ICO.  6 
155.  6 
173.2 
170.0 
166.6 
177.0 
183.  S 
156.0 


188 


TESTS   OF  METALS. 


Strength  of  chain  cdble»,  4^ — Contiiined. 

Iron  P. 

SBOBT  OOTIOHB  FBOM  BAB8  NO0.  921  TO  985. 


I 


t 


322 

Av. 

328 

324 

325 
326 
327 
328 
Av. 

829 

330 
331 
332 
338 
334 
335 
Av. 

386 

387 


I 

o 


1/ 


lA 


11 

lA 


1* 

3 


I 


I 


2 
2 


8 

8 

3 
3 
6 
3 


3 
3 
3 
3 
8 
8 


2 

2 


888 

1 

8 

389 

U 

8 

840 

U 

8 

341 

If 

8 

342 

11 

8 

348 

If 

3 

344 

If 

8 

345 

1* 

8 

846 

2 

8 

347 

U 

4 

348 

11 

4 

349 

1| 

3 

350 

If 

3 

351 

If 

2 

StreM  in  pounds. 


ft 


1 

S 


42,240 


56,000 
52,000 
55.000 


50,000 

52,000 

52,800 


60,600 
60.600 
58,900 
63,500 
65,000 
61,800 
OMOO 


125,000 


38^000 

45^200 

60,400 

60,000 

73,600 

86,000 

106,000 

115,000 

129,000 


117,120 

107, 520 

112,S20 

U0,500 

109,500 

111,500 

•  110, 000 

109,000 

1U9,500 

110»000 

134,592 

141,000 
141,200 
141,000 
130, 400 
142,  500 
140,900 
141,000 

134,592 

256,820 


%  =  i 


a 


91, 002  i  Weld  . 
86,222  Qr.W. 
88,012 


81.670 

80,931 

82,409 
81,300 
80,561 
80,931 
tfM17 

80,966 

86,876 
86,909 
86.876 
85,800 
87,800 
86.814 
86,876 


Qr.B 


Thro.B 


% 

Qr.W. 
Qr.W. 


W  . 
hro.B 


Qr.W. 


74^196  j  Qr.W... 
80,000     TbraW 


g 


I 


4 
M 

a 


M 

I 


e 

I 

00 


86L0 


40.7 
45.7 
4a  3 


45.8 
47.5 
47.0 


43.2 
42.9 
41.7 
45.5 
45.5 
43.8 
4S.8 


48.8 


Second  lot— Babs  Nos.  926  to  942. 


00,400 
76,000 
122,100 
U8,4r0 
156,000 
100,000 
212,000 
238,000 
242,000 


78.461 
77,141 
94,871 
76,983 
85,050 
94,270 
86,143 
83,933 


Qr.W 

Qr.W 

Thro.W... 

End  Ik 

Qr.W 

Qr.B 

End  Ik 

Qr.B 

Not  broke  . 


62.9 
59.5 
48.1 

5a7 

47.2 
43.2 
50lO 
49.4 


Third  lot  (Px)— Babs  Nob.  943  to  952. 


53,000 
71,400 
96,000 
84,600 
108,200 


116,000 
156,000 
209,800 
106,200 
236,000 


93,023 
87,102 
86,231 
91,003 
85,043 


Thra  W . 
Thro.W, 
Qr.W..., 
Qr.B  ... 
ThraW 


45.7 
45.8 
46.7 
43.1 
45.8 


i 


OQ 


70,404 


74,400 
78,024 


89,000 

05,904 

159,840 


44,500 

50,500 

70,200 

86,000 

98,000 

117,500 

100,050 

146,200 

101,800 


70,250 

97,850 

181,000 

115,500 

142,000 


t 

a 


si 

a 

I 


150^ 


141.4 
170,1 


167.0 
140J 
100.0 


186.8 

100.8 

100.0 
158.0 
100.4 
108.0 
100.4 


105.9 
100.!l 
168.4 
109.9 
100.9 
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Sinnffth  of  ckaUm  edUes,  ^ — Continued. 

Iron  M. 

SHOBT  BBCnORB  OF  OABLB-LDIKS  FEOM  BAB8  HOe.  1067  TO  1408. 


i 

I 


362 
863 
354 
866 
356 
857 
Av. 

356 

850 
860 
861 
862 
868 
Av. 

864 
865 
866 
867 


Av. 

869 
870 
871 
372 
878 
874 
Av. 

875 
876 
877 
878 
879 
Av. 

380 
881 


883 
384 
885 
Av. 

886 
387 
Av. 

388 
389 
Av. 


// 


a 


I 


u 


If 


If 


11 


11 


ll 


11 
If 


3 
3 
3 
3 
3 
3 


8 
3 
8 
8 
8 
8 


8 
3 
8 
8 
8 


Streas  in  ponncU. 


3 
3 
8 
3 
3 
8 


8 
8 
8 
8 
8 


3 
3 
8 
8 
8 
8 


8 

8 


8 
8 


48,700 
58,000 
51,800 
56,000 
66,700 
57,000 
58,700 

56,000 
56,500 
56^000 
56,800 
62,400 
63,000 
66,617 

53,000 
58,200 
62,300 
58,600 
58,000 
64,020 

66,000 
60.000 
60,500 
56,200 
55,400 
60,000 
67,088 

70,000 
73,000 
67,600 
70,000 
66,600 
09,240 

69,000 
70,000 
73,200 
72,600 
72,600 
74,500 
71J00 

60,000 

80,000 

70,000 

80,000 

70,000 

79,600 


119,000 
112,500 
128,600 
119,800 
112,000 
119,600 
117,710 

126,000 
120,500 
121,000 
126,000 
122,  SCO 
122,000 
123,888 

126,000 
186.600 
115,000 
119,000 
111,000 
191,8iO 

106,000 
96,000 

103.400 
95.800 

105,800 

111.000 
108,000 

182,000 
127,600 
115.600 
95,000 
126.600 
119,860 

151,600 
143,900 
158.300 
161, 000 
151,000 
152,000 
163,407 

156.000 

140,000 

147,600 

125,000 
180.000 


96,964 
91.687 
100.662 
97,636 
91,279 
07,892 
08,006 

84,962 
81,254 
81,691 
84,288 
82,602 
82,269 
83,827 

84,806 
92,678 
78,019 
80,732 
75, 305 
83,800 

71,253 
65.180 
70. 511 
64,104 
71, 795 
75,305 
00,088 

87.018 
83,454 
76.208 
62.628 
83,454 
78,640 

86,800 
81,430 
87,880 
91, 110 
85.400 
86,000 
80,370 

87,719 
79,230 
88,474 

60,270 
86,788 


I 

o 

I 

e 


QaW 


Thpo.  "W. 
Thro.  W. 
Thro.  W. 
Thro.  W. 
Thro.  W. 


Thro.  W. 
Thro.  W. 
Thro.  W. 
Thro.  W. 
Thro.  W. 
Thro.  "W. 


Thro.'W. 
Thro.  W. 
Thro.  W. 
Thro.  W. 
Thro.  W. 


Thro.  W. 
Thro.  W. 


Thro.  W. 
Thro.  W. 


4a9 
46.2 
4L9 
46.8 
60.6 
47.7 
45.7 

44.4 

46.8 
45w4 
4&4 

42.8 
5L6 
40.1 

42.4 
38.9 
45.5 
45.0 
62.2 
44.8 

62.8 
62.6 
57.6 
68.6 
52.3 
58.1 
60.1 

68.0 
67.2 
68.5 

73.7 
51.8 
68.8 

45.5 
4a  6 
47.1 
45.1 

4ai 

49.0 
47.3 


64.0 
43.7 


1087  to  1106 


1107  to  1134 


1186  to  1182 


1188  to  1186 


1187  to  1221 


1222  to  1385 


1386  to  1397 


1898  to  1408 


I 


CO 


06,900 


80,098 


80,809 


78450 


87,400 


07,001 


103,136 


119,804 


§. 


B 

I 


180.4 
170.6 
187.2 
18L6 
160.8 
181.2 
178.4 

156L0 
149.4 
149.8 
154.8 
151.8 
151.2 
153.1 

148.8 
157.2 
132.4 
137.0 
187.8 
141.0 

186.6 
132.8 
132.2 
122.6 
135.4 
142.0 
131.8 

150.8 
146.0 
182.0 
108.4 
144.6 
180.8 

155.9 
148.0 
1G0.7 
165.5 
162.8 
163.8 
160.8 

151.7 
187.0 
144.8 

104.4 
160.8 
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Strm^gik  of  chain  cahles,  ^. — Continned* 
Ibon  M— Continued. 

SCfOUl  CABLB  LOnU  FBOX  TBS  BAMB  BAB8. 


I 
a 

a 
a 

•*» 

H 


390 
891 
392 
Av. 


394 
895 
Av. 

390 
397 
898 
899 
At. 

400 
401 
402 
Ar. 

403 
404 
405 
406 
407 
At. 

408 
400 
410 
At. 

411 
412 
Av. 

413 
414 
Av. 


I 


StieM  in  poancU. 


If 


1| 


H 


H 


II 


l| 


If 


50,500 

02,500 

63.400 

58»800 

67.900 

63,000 

71,000 

68,»«7 

66,000 
67,900 
58,000 
OB,  700 
67,650 

67,000 

60,000 

65,000 

67,000 

98,600 
76,000 
90,000 
85,600 
83,000 
86,660 

89,600 

95,600 

88,600 

90,0S8 

81.000 

90,000 

86,600 

65, 200 

69, 000 

67,100 


126,600 

123,600 

122,000 

128,670 

180,000 

118,000 

134,400 

126,800 

139,500 
135,000 
132,000 
138,600 
116,000 

U6,000 

113,300 

112,100 

118,800 

186,600 
141,000 
105, 000 
186,000 
125^600 
138»640 

160,000 

155,600 

147,600 

164^0 

175,000 

173, 000 

174,000 

135,000 

182,500 

168,760 


102,282 

100.652 

99,428 

100,788 

87,660 
76,196 
90,627 
84,828 

04,640 
91,587 
89,552 
90,669 
91,687 

78,690 
76,865 
76, 051 
77,202 

89,836 
92,940 
69.218 
89,650 
82,729 
84,874 

90,546 
88,050 
83, 580 
87,876 

90,087 
97,906 
08,471 

65,  000 

^8, 000 

76,500 


ThiaW 
Thro-W 
Thro.W 


ThraW 
ThraW 
Thro.  W 
Thro.W 
Thro.  "W 


End  Ik.. 
Thro.W 
Qr.W... 


T.W.. 
Qr.W. 


TTiro.  W  . 
Qr.W I 


I 

ll 


40.2 
60.6 
51.0 
47.0 

44.6 
65.8 
02.8 
61.0 

40.1 
42.0 
44.0 
43.9 
42.7 

67.7 
60.9 
57.9 

68.8 

72.7 
68.2 
85.7 
72.9 
6&1 
70.1 

66.0 
61.4 
60.0 
69.1 

46.2 
52.0 
40.1 


48.5 
37.8 

4a.i 


h 


•s 

t 

a 

£ 


1087  to  1106 


1107  to  1184 


118610  1182 


1183  to  1186 


06,000 


00,098 


86,862 


78,150 


1187  to  1221 


1222  to  1385 


1386  to  1307 


87,400 


97,001 


102,125 


1398  to  1408 


110,800 


& 


I 

00 


190.3 
187.2 
185.0 
185.4 

161.2 
140.0 
16616 
166.0 

160.6 
155.4 
151.8 
153.6 
166.S 

14&4 
145.0 
143.4 
146.0 

154.8 
161.0 
120.0 
f&5w4 
143.4 
146.0 

164.5 
160.0 
151.7 
168.7 

171.8 
179l2 
176.2 

112.7 
152.4 
182.5 
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Strwgik  of  okain  eablu,  ^o. — ContinaecL 

Iron  M— Continaed. 

[Beoord  famiehed  by  Bureiia  of  Equipment] 

SHOBT  SBCnONB  OF  OABLB  LEMKa,  BOUND  BAB8. 


I 


f4 

I 


415 
416 
417 
418 
419 
Av. 

420 
421 
422 
428 
Av. 

424 

425 
426 
Av. 

427 
428 
429 
480 
481 
Av. 


483 

484 
485 

486 

437 
488 
Av. 

489 
440 
441 
442 

Av. 

443 
444 
445 

Av. 


I 


M 


1* 


If 


1| 


If 


!« 


2 


i 


8 
8 
8 
8 
8 


8 
8 
8 
8 


8 

3 
3 


8 
8 
8 
8 
8 


8 
8 
3 
8 
3 


3 
3 
3 
3 


8 

8 
3 


StreM  in  poonds. 


92,000 
112,000 
101,000 
114,000 
102,000 
101,200 

77,000 
117,000 
11{},000 

92,000 


138,000 

126,800 

113, 100 

124«800 

168,000 
160,000 
162,000 
158,600 
155^600 


187,000 

207,000 

223,000 
225,000 
213,000 
215,600 
212,000 


222,000 
210,000 
222,000 
228,600 


278,000 
276,000 
255,000 


75,244 
01,270 
82,314 
92,900 
88,129 


67.660 
86,474 
85.070 
67,977 


89,562 
85,387 
76,094 


89,417 
95,642 
91,680 
89,756 
88^056 


90.175 
02,576 

99,728 

93,804 
88,565 
89,646 
88,149 


86,046 
81, 895 
86.046 
88,^3 


91,681 
91,024 
81,158 


I 


Thro.W. 


r.W 


ThTaW. 
r.W... 
!hraW. 
Thro.W. 


Thi 


?r.W... 
hro.W. 
ThraVT. 


Thro-W. 
Thro.W. 
ThrcW. 
Qr.W  .. 
Thro.W. 


ThraW. 


Thro.W. 
Thro.W. 
Tbro-W. 
Thro.  W. 


Side.. 
Qr.W 
ffide.. 


72,700 


76,800 


8M00 


90,429 
118,700 
127,700 


49,248 


56,761 


60,777 


56,270 
64,851 
57,116 


.1. 


187,002 


142,807 


171,490 


57,008 


55,181 


54,580 


Is 

j8« 


58 


20 


18 


47 

5 

5 


29 


24 


47 


I 
ll 

t 

CO 


12&6 
154.0 
138.9 
156.8 
140.8 
148.8 

100.3 
152.3 
149.8 
119.8 
180.7 

157.7 
150.4 
134.0 
147.7 

158.9 
169.9 
162.9 
159.5 
156.4 
160.7 

104.4 

162.1 

162.7 
164.5 
155.3 
157.3 
154,7 
158.9 

162.9 
147.6 
162.9 
167.6 
160.2 

162.1 
160.9 
14&6 
167.2 


The  teats  in  detail  of  the  individnal  bare  waa  not  ftuniahed. 
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Stnmgik  of  chain  oablUj  ^— Continiied. 

Ibon  M — Continued. 

SoroLB  uncB  fbom  ths  aakb  babs. 


I 


I 


440 
447 
448 
449 
450 
Av. 

461 
452 
453 
454 
Av. 

455 
456 

457 
468 
Av. 

450 
460 
461 
462 
463 
464 
465 
Av. 

466 

467 

468 

469 

470 

4n 

472 
Av. 

478 
474 
475 
476 
Av. 


lA 


11 


l» 


I 


If 

itt 
If 


iH 


StrMt  in  poonds. 


U5,800 
121,000 
111,000 
124.800 
110,400 
116,600 

188,000 
130,600 
128,000 
110,000 
126,960 

115,000 
139,600 
133.000 
127,600 

m,8oo 

174,000 
161,000 
153,000 
105,600 
173.000 
165,600 
168.600 
166,838 

1AB»000 

207,000 


94,876 
98,614 
90,464 

101,711 
89,975 

•6,028 

96,300 
96,082 
94,604 
81,800 
9-2,671 

77,441 
94,007 
89,562 
85,926 
80,784 

98,472 
91.114 
86,587 
93,718 
97,906 
93,718 
95,416 
•8,847 

96,057 

92.576 


235.600 

97,962 

285.000 

97,709 

200.000 

83,160 

198,000 

80,274 

108,600 

82, 578 

212,440 

88,886 

210,000 

81,395 

225,600 

87,441 

243,000 

91.186 

240.000 

96,511 

3U,900 

89,888 

Thro.W. 
Thro.W. 
ThmW. 

2r.W... 
.Ik.... 


ThraW. 

Thro.  W, 
Thro.W. 


Thro.'W. 
Thro.W. 
Thro.W. 
Qr.W... 


E.lk.... 
ThraW. 
Thro.  W. 
Qr.B  ... 
Qr.W  . 
Thro.  W. 
Qr.W... 


Qr.W 


B.lk 


Qr.W... 
Thro.W. 
Thro.  W. 
ThraW. 
Thro.  W. 


Thro.W. 
Thro.W. 
Thro.  W. 
Thro.W. 


79,700 


70,800 


84,800 


90,429 
118,700 
137,700 


137.092 


143,867 


60,348 


60,761 


60,777 


60,370 
64,861 
67,116 


68 


30 


18 


47 

6 
6 


67,008 


65,181 


39 


24 


I. 


I 


160.8 
166.4 
152.7 
171.7 
15L0 
160^ 

173.1 
169.8 
166.7 
148.2 
108.1 

186.4 
165.6 
157.7 
15L8 
163.7 

17&0 
162.0 
153.9 
166w6 
174.0 
166.6 
169.5 
100.8 

109.0 

103.1 

ni.9 

171.4 
145.9 
140.7 
144.8 
164.9 

147.6 
16&2 
170.7 
174.9 
164.8 
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Sirengih  of  chain  odblesj  ^,,  and  of  round-hars  made  of  iron  rolled  at  Washington  Navy 

Yard. 

SHOBT  SBCnOlfB  FBOM  BOUIVD  BAB8  AS  OIVKN. 


I 


S 


477 
478 
479 
Av. 

480 
481 
482 
Av, 

488 
484 
485 
Av. 

486 
487 
488 
Av. 

488 

490 
491 
Av. 

402 
493 
494 
Av. 

495 

496 
497 
498 
Av. 


i 


ti 


li(1.26) 


li(L38) 


1|(L49) 


1ft  (1.59) 


11(1.63) 


11(1.77) 
2  (2.02) 


I 


QQ 


67,600 

69,400 

69,400 

68,800 

108,000 
115,000 
108, 600 
110,38;( 

134,800 

135,000 

137,400 

135,900 

150, 000 

149,000 

151,000 

150,000 

163,000 

170,800 

158,000 

165,867 

179,800 

178,000 

178,600 

178,800 

204,000 

260,000 

268,600 

258,600 

262.400 


IiOOfttion  of  fractoro. 


ThHKW 
Qr.W... 


Qr.W. 


89.800 


88,820 


87,000 


99,800 


85,800 


86,100 
86,400 


Strength  of  bam. 


■i 
t 

I 


45^000 

44,400 

44,400 

44,000 

68,000 
67,000 
67,000 
07,888 

84.000 
82,000 
82,600 
82,867 

92,600 

92,000 

93,600 

92,788 

108,600 

106,200 

107,600 

107,467 

110,400 
111,400 
112,400 
111,400 

128,500 

173,000 

167,600 

169,000 

160»867 


i 
"I 

o 


56,166 

56,532 

56,532 

66,410 

54,535 

53,733 

53,733 

54,000 

66,161 

54, 824 

55, 225 

55,403 

53,105 
52, 761 
53,671 
58,179 

54.S96 
53,485 
54,193 
54,128 

52,889 
53.378 
53,857 
58,878 

62,214 

53,983 

62,298 

52,  922 

63,068 


151.6 
154.7 
154.7 
153.7 

160.4 
170.8 
161.8 
163.9 

162.8 
162.9 
165.8 
108.8 

161.8 
160.7 
162.8 
161.8 

151.7 
164.8 
147.0 
154.8 

161.4 
159.8 
160.8 
160.6 

158.8 

158.1 
158.1 
152.2 
154.6 


Note.— This  set  of  tests  was  made  at  the  navy-yard.  Washington,  bv  the  officers  in  charge  of  the 
Equipment  Department.  The  Board  has  been  permittea  by  the  Chief  ox  the  Baroan  of  Equipment  to 
make  nse  of  these  tests,  which  are  taken  at  random  ftom  the  volominons  records  ^hich  have  been 
kept.  Since  the  results  obtained  by  the  manufacture  in  1875  of  the  experimental  cable  (Iron  A), 
demonstrated  that  tlie  scrap  heaps  of  the  various  yards  contained  ample  material  which  by  suitable 
work  could  be  transformed  into  excellent  chain  iron  at  slight  cost,  trains  of  rolls  havin?  succeeded 
those  of  the  copper  mill,  where  Iron  A  was  produced,  every  bar  rolled  is  e:q[>ected  to  withstand  the 
most  severe  tests  for  ductility. 


PAET   II,  SECTION   II. 

•     PEOOF  STRAINS  FOR  CHAIN  CABLES. 

BFFECTTS  BY  THE  USE  OF  THE  STRAINS  PRESCRIBED  BT  THE  ADMIRALTY  PROOF 
TABLE— DISCUSSION  OF  THE  PRINCIPLES  UPON  WHICH  "PROOF -STRAINS"  SHOULD 
BE  BASED — ^PROOF- TABLE  CALCULATED  UPON  SUCH  PRINCIPI^ES. 


A  finished  cable  has  yet  a  final  ordeal  to  undergo  before  it  is  issued 
for  service,  one  which  may  prove  disastrous  to  its  value,  even  if  it  has 
escaped  every  danger  that  has  accompanied  its  manufacture.  It  is  to  be 
^^ proved,"  which  means  that  each  of  the  fifteen  fathom  ^^  sections'^  of 

13  TM 
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whicb  it  is  composed,  is  to  be  subjected  to  a  tensional  strain  snfficient  to 
make  it  probable  that  the  presence  of  any  ver>^  defective  links  will  be 
made  maDifest,  that  they  may  be  removed  and  replaced  by  others. 

As  tension  in  excess  will  probably  injnre  the  cable,  it  becomes  a  matter 
of  importance  to  fix  upon  a  strain  for  each  size  which,  while  snfficient  to 
iDsure  the  detection  of  nndnly  weak  links,  will  notprodiLce  them.  Most 
American  mann&cturers  of  cable,  use  for  each  size,  a  stress  which  is  pre- 
scribed by  the  standard  proof-table  of  the  British  Admiralty,  and  their 
cables  are  sold  with  a  guarantee  that  they  have  been  so  proved.  Our 
experiments  lead  us  to  doubt  the  wisdom  of  thus  applying  this  English 
standard  to  measure  American  material.  We  consider  that,  as  applied 
to  cables  made  from  American  bar  iron,  this  standard  is  faulty  in  two 
important  respects. 

First.  The  stress  prescribed  by  it  for  every  size  of  cable  is  too  great 

Second.  The  stresses  for  the  different  sizes  are  unequal  in  their  pro- 
portion to  the  strength  of  the  links. 

And  we  assign  the  following  reasons  for  these  opinions: 

First.  The  stress  for  all  sizes  is  based  upon  the  assumption  that  the 
cable  bolts  of  all  diameters  possess  a  strength  equal  to  60,000  pounds  per 
square  inch.  Few  bars  of  American  iron  are  equal  to  this  strength,  and 
when  they  are,  their  cost  precludes  their  use  as  cable  iron;  and  as  has 
been  shown  in  the  investigations  by  tension,  although  this  strength 
may  be  found  in  the  small  bars,  it  is  not  found  in  the  large  si^es  of  the 
same  iron. 

Secondly.  If  the  bars  of  all  sizes  did  possess  this  strenth,  the  "proofs 
is  still  too  great,  for  it  probably  exceeds  by  a  considerable  amount  the 
elastic  limit  of  the  links. 

The  table  as  furnished  to  the  committee  by  two  prominent  manufact- 
urers, viz,  Messrs.  J.  B.  Oarr  &  Co.,  of  Troy,  and  Mr.  H.  L.  Fearing,  of 
Boston,  is  herewith  given,  that  the  discussion  which  follows  may  be 
clearly  understood. 

Columns  1  and  2  are  as  famished  to  us:  ISo.  3  contains  the  stresses 
calculated  by  a  formula  given. 


// 


a... 

if: 

It 

f. 
I 


Size. 


Column  1. 


Stress  in — 


Tons. 


18 
20 
23 
26 
28 
80 
34 
87 
41 
44 
48 
52 
56 
60 
^ 
68 
72 


80 


Pounds. 


40,320 

44,  800 

51,  520 

5H.  200 

02,720 

67.200 

76,  IGO 

82,880 

01,800 

06,500 

107, 620 

116,480 

125.440 

134. 400 

143, 360 

152. 320 

161,  >J80 


179,200 

197,"  iab 


Column  2. 


Stress  in— 


Tods. 


18 
20 
23 
25 
29 
31 
34 
37 
41 
43 
48 
51 
66 
60 
64 
68 

n 

76 
81.3 


9L1 


Pounds. 


40. 820 

44, 800 

51. 520 

55,060 

64.060 

69,440 

76,160 

82,  880 

01,800 

00,320 

107,  520 

114,240 

125, 440 

132, 100 

143,300 

152,320 

161,  280 

171,360 

181, 120 


204,064 


Column  3. 


Stress  in — 


Tons. 


18.00 
20.32 
22.78 
25.38 
28.12 
81.01 
84.0  J 
37.22 
40.50 
43.94 
47.53 
51.25 
65.12 
69. 05 
63.38 
67.57 
72. 00 
76.50 
81.28 
86.13 
91.11 


Pounds. 


40,320 

45, 517 

51, 030 

56,857 

63,000 

69,457 

76,230 

83.317 

90,720 

98.437 

106, 470 

114,817 

123.480 

132, 275 

141, 750 

151,357 

161,280 

171, 617 

lh2, 070 

192,037 

204, 120 
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The  formula  ni)on  which  column  3  is  calculated  is  one  embodied  as  a 
rale,  as  follows: 

"For  proof  of  each  size,  square  the  number  of  eighths  of  an  inch  in 
the  diameter  of  the  bar  and  multiply  the  result  by  630/'  the  result  being 
the  stress  in  pounds;  thus — 

1",  8  eighths  squared  =  64,  and  64  x  630  =  40,320  pounds, 

2'',  16  eighths  squared  =  256,  and  256  x  630  =  101,280  pounds, 

Ij^'S  8J  eighths  squared  =  72f,  and  72f  x  630  =  45,517  pounds, 
which  are  the  proof-strains  for  the  above  sizes,  and  all  others  are  calcu- 
lated by  the  use  of  the  same  constant,  630. 

If,  as  has  been  proved  beyond  question  by  bar-tension  tests,  the  dif- 
ferent-sized bars  of  the  same  iron  do  not  possess  strength  in  the  propor- 
tion of  their  areas,  the  effect  upon  them  of  strains  which  are  based  upon 
the  assumption  that  they  do,  must  necessarily  be  unequal.  This  table 
so  assumes,  and  we  find  that  through  this  assumption  those  sizes  which 
are  the  most  important,  and  which  have  the  least  proportional  strength, 
viz,  the  large  sizeSj  are  by  this  "proof"  strained  to  a  much  greater  pro- 
portion of  their  actual  strength,  than  are  the  smaller  and  less  important 
cables. 

For  example,  assume  that  two  cables,  one  of  2"  and  one  of  1"  iron,  are 
to  be  proved  by  the  Admiralty  standard.  The  first,  if  made  from  a  fair 
quality  chain-iron,  will  in  the  bar  form  be  equal  to  a  tensile  strain  of 
not  over  52,000  pounds  per  square  inch,  which  will  give  to  the  entire  bar 
a  streugth  of  163,300  pounds.  The  probable  strength  of  the  cable  made 
from  this  bar  will  be  not  over  205,600  pounds  (163  per  cent,  of  the  bar's 
strength),  and  it  is  very  probable  that  there  will  be  some  links  which  do 
not  exceed  155  per  cent.,  or  252,600  pounds ;  the  Admiralty  proof  (161,280 
pounds)  is  equal  to  over  60  per  cent,  of  the  greater  and  nearly  64  per  cent, 
of  the  lesser  strength. 

The  bars  from  which  the  V  cable  is  made  will  probably  be  equal  to 
57,(K)0  pounds  per  square  inch,  which  will  give  entire  strength  44,770 
pounds,  and  a  probable  strength  of  cable  of  from  73,000  to  69,300  pounds, 
using  the  same  percentages  as  with  the  2".  The  Admiralty  proof  strain 
for  1"  cable  is  40,320  pounds,  which  is  55  per  cent,  of  the  greater  and 
68  per  cent,  of  the  lesser  strength,  which  shows  that  the  large  cable 
would  be  strained  from  5  to  6  per  cent,  of  its  strength  more  than  the 
small  one. 

Our  experiments  show  that  the  elastic  limit  of  the  large  bars  is  gen- 
erally lower  than  that  of  the  small  ones  of  the  same  iron.  Hence  the 
irregular  effect  of  the  proof-strains  becomes  a  dangerous  one. 

The  practical  and  actual  results  which  we  have  found  to  occur  through 
the  use  of  this  table,  and  which  have  doubtless  occurred  with  many 
cables  proved  by  it,  but  which  have  not  heenfoundy  are  that  the  stress  is 
so  great  that  it  always  exceeds  the  elastic  limit  of  the  links,  and  fre- 
quently cracks  them. 

A  few  such  results  will  be  given.  Six  sections,  each  5  fathoms  in 
length,  were  made  up  from  a  good  chain-iron;  three  were  of  IJ"  and 
three  of  1|" ;  all  were  "  proved  ^  by  the  Admiralty  table,  and  after  proof 
insi)ected  in  the  shop;  all  were  "passed''  as  sound,  but  upon  examina- 
tion by  aid  of  a  magnifying  glass  fourteen  of  the  three  hundred  and 
eighty-seven  links  were  found  to  be  cracked. 
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The  following  being  the  history  in  detail  of  the  experiments: 

FIxperiment  Ko,  1. 

ICatesial,  iBoir  C. 
(SfcEOof  link,  If";  Admiralty  proof,  106,470  lbs. ;  original  length  of  link,  9^';  length  after  proof,  aT.9".4L 


o 


^ 


62 

62 
62 


i 


I 


FeeL 
90 

80.1 

sai 


1 


■§•3. 

!i 

l| 


Foundi. 
64,820 

60,480 
64.680 


Elongation  at  stress  of— 


8. 


Inthei. 
8 

9.6 

&4 


Ineh$t. 
10 

12 
12 


g 


Inehet. 
12.2 

14.6 
14 


Three  links  cracked,  one  on  the  side  and  two 

the  weld. 
Two  links  cracked  across  the  weld. 
Three  links  cracked  across  the  weld. 


Experiment  No,  2. 
Hatuial,  Ibon  C. 
[Size  of  link,  1|";  Admiralty  proof;  91,800  lbs. ;  original  length  of  link,  8";  length  after  proof;  ay.  V*A 


8.1 


— \ 

• 

Stress  at  which  first 
stretch  took  place. 

Elongation  at  stress  of— 

S 

1 

1 

• 

8. 

• 

s' 

Bemarks. 

67 
67 
67 

F^t, 
80.2 
80.1 
80 

FoundM. 
48,000 
48,000 
43,400 

IneKm. 

12 

11 

9 

15 
17 
12 

Ineilut, 

18 
19 
16 

Five  links  cracked  on  weld  end. 
None  cracked. 
One  link  cracked. 

While  making  the  nsnal  tests  to  destruction  upon  several  other  sec- 
tions of  links,  the  effect  of  various  amounts  of  stress  was  measured  with 
results  as  follows : 

Expervment  No,  3. 

Material,  Iron  C. 

[Size  of  link,  1|" ;  Admiralty  proof,  123,480  pounds ;  ori^nnl  length  of  link,  9".75 ;  at  proof,  Av.  9".90; 

at  fractnro,  Av.  W.50.] 


1 

stress  at  first 
stretch. 

Stretcltat  stress  of  pounds. 

Breaking-strain,  in 
pounds. 

1 

1^ 

.16 
.89 
.69 
.13 
.37 
.81 

1 

105,000. 

115,000. 

124.000. 

135,000. 

Fractnre. 

1 
1 

1 

L 

2. 

L 

2. 

L 

2. 

1. 

2. 

L 

2. 

3 
6 
7 
8 
6 

99,000 

98,000 
103, 000 

86,500 
101,800 

97,000 

• 

.04 
.04 

■".'io* 

.17 
.56 

".'27* 

.06 
.07 
.06 
.10 
.07 
.08 

.42 

.80 

1.05 

.42 

.60 

1.79 

.10 
.15 
.15 
.21 
.15 
.12 

.49 

LOO 

1.44 

.55 

.82 

2.23 

.17 
.20 
.18 
.27 
.18 
.15 

.67 
1.36 
1.03 

.72 
1.11 
2.00 

.81 
.80 
.85 
.77 

207,400 
196.800 
192,000 
195,800 
193,000 
202. 600 
212, 000 
2l'5,  000 
176.000 
209.000 
171,000 

CIO 

.06 

L19 

<   7 

2d  pnIL 
ddpulL 

\  4 

n 

.45 

95,000 

2d  poll. 

» 

.16 

92,000 

.05 

.24 

".OS" 

.43 

.13 

.63 

.16 

.83 
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This  lot  was  so  excessively  irre^lar  in  its  strength  that  its  record 
is  of  little  value,  except  in  showing,  in  two  cases,  the  elevation  of  the  limit 
of  stress,  when  a  second  pull  developed  increased  strength.  The  links 
were  some  of  coarse  granuloas,  and  others  of  soft  fibroos  iron,  the  former 
generally  breaking  through  the  weld. 

The  stretch  in  columns  1  is  of  a  carefully  measured  link^  that  in 
columns  2  over  all. 

Eag^meiU  No,  4L 

KjLlBBIAL,  IbohB. 
[Slae  of  link,  lU";  Adminlty  proof;  182,275  ponncU ;  original  length  of  linlr,  •."8.] 


XTnmber  of  links. 


8 
5 

7 


Stress  at  flxst 
stzetoh. 


4^1 


.08 
.03 
.05 


Poands. 


98,000 

89,000 

105,000 


Stretch  at  stress  of— 


115,000 
pounds. 


.04 

.06 
.08 


.25 

.64 

LOO 


125,000 
ponnds. 


07 
11 
09 


.84 

.80 

L49 


135,000 
pounds. 


.08 
.15 
.12 


.45 

1.11 
LOO 


145,000 
pounds. 


.10 
.21 

.IB 


.67 
L42 
2.36 


.s 
S. 


225,000 
203,500 
223,000 


The  material  was  of  a  hard,  coarse  nature,  and  the  bars  had  not  re- 
ceived sufficient  work,  and  in  consequence  were  not  ductile.  The  average 
elongation  at  Admiralty  proof  was  .12",  and  the  proof-strain  was  equal 
to  59  per  cent  and  65  per  cent,  of  the  strength  of  the  strongest  and 
weakest  links. 

Experimmt  No,  5. 

Haisbial,  Iboh  B. 
[Size  of  link,  Ifi";  Admiralty  prooi;  114,210  pounds ;  orighisl  length  of  link,  9".] 


. 

Stress  at  first 
stretch. 

Stretch  at  stress  of  pounds. 

a 

1 

9 

Amount  of 
stretch  in 
center  link. 

76,800. 

86,400. 

06,ooa 

105,600. 

U5^200. 

124,800. 

^ 

* 

L 

.04 
.05 
.05 
.02 

2. 

L 

2. 

L 

2. 

L 

2. 

L 

2.- 

L 

2. 

2 
2 
2 
2 
8 

.08 
.03 
.03 

'"'."os" 

.03 
.08 

67,200 
73,600 
68,600 
71,000 
00.200 
92,160 
94»000 

.08 
.09 
.09 
.04 

.06 
.07 
.08 
.05 

.12 
.15 
.16 
.11 

.11 
.11 
.12 
.08 
.04 

.22 
.21 
.23 
.15 
.26 

.16 
.16 
.17 
.13 
.07 
.06 
.07 

.81 
.82 
.85 
.25 
.38 
.54 
.88 

.25 
.23 
.25 
.18 
.14 
.10 
.11 

.50 
.46 
.50 
.86 
.58 
.85 
L28 

"iis' 

.12 
.16 

".'si' 

L20 
L77 

202, 6C0 
100, 000 
214, 000 
204,500 
204,500 

5 

197, 000 

7 

106,000 

The  material  was  the  same  as  in  the  previous  experiment,  but  the  bars 
showed  evidence  of  having  received  more  work.  At  the  Admiralty  proof- 
stress  the  average  elongation  of  the  links  was  nearly  .18''^  and  its  t)ro- 
XK)rtioii  of  the  strength  of  the  strongest  and  weakest  sections  was  53.3 
X>er  cent,  and  58  per  cent. 
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JSxperiw^eiU  No,  6. 
Hatxbial,  Ibov  B. 
[Size  of  Ualc,  1^";  Admiralty  prooi;  83,817  pounds;  orlgtnsl  length  of  link,  8".25.] 


•a 


I 


\ 


8 
8 
8 
8 
8 
ft 
7 
10 
16 


Stress  at  first 
stretch. 


ill 


.03 
.05 
.03 
.03 
.05 


.04 

.08 
.09 
.05 


I 

& 


61,500 
63,500 
67,200 
74,000 
68,000 
75,000 
62,600 
59,500 
58^500 


Stretch  at  stress  of  pounds— 


67.200. 


05 
05 


2. 


.20 
.16 


76,800. 


.10 
.06 
.07 
.05 
.07 
.00 
.07 
.14 
.12 


2. 


.87 
.31 
.23 
.29 
.87 
.26 
.80 
L40 
1.61 


86,400. 


2. 


.21 
.18 
.11 
.10 
.14 
.09 
.15 
.21 


.56 

.51 

.48 

.36 

.57 

.88 

1.40 

2.17 

4.01 


96,000. 


.28 
.21 
.20 
.12 
.20 
.17 
.25 
.31 
.28 


2. 


.88 

.75 

.63 

.65 

.86 

LOO 

2.16 

8.12 

4.88 


a 


145.000 
140.  OCO 
157,000 
15t(,  000 
138,000 
131,500 
14B,  000 
13?,  500 
137, 300 
•182, 000 
*147, 000 


*  Second  and  third  poUs  on  parte  of  same  section. 

Material  uominally  the  same  as  in  the  previous  expenments,  Nos.  4 
and  5,  but  it  was  considered  probable  that  a  portion  of  the  l-^^g^'  bars 
were  not  of  the  same  manufacture  as  the  rest,  some  beiug  hard  aud  brittle, 
others  fibrous,  ductile  iron.  At  Admiralty  proof  the  elongation  averaged 
nearly  .16^',  and  its  proportion  of  the  strength  of  the  strongest  and  w^iJc- 
est  links  was  52^  per  cent,  and  63  per  cent. 


SsBperiment  No,  7. 

ICatkbial,  Iboh  B. 

[Size  of  link,  1^';  Admiralty  proof,  83,317  pounds ;  original  length  of  link,  6''.26.] 


1 

1. 

Stretch  over  all  at 

• 

^ 

to 

Stretch  over  all  at 

-sl 

stress  of  pound*— 

M       m 

3 

03 

stress  of  pounds— 

i 

OQ 

78,500 

85^500 

«  c 

o 

78»600 

85,500 

PoundM. 

Pounds. 

Pounds. 

1 

75.300 

.06 

.13 

150,000 

2 

62,600 

.05 

.12 

1 

76.800 

.12 

.12 

153,000 

2 

63,300 

.09 

.13 

1 

67.000 

.11 

.18 

162,000 

5 

68,000 

.09 

.13 

2 

75.000 

.06 

.12 

154,700 

5 

64,300 

.05 

.14 

a 

Aft 

• « 

u 


Pounds. 
154.500 
144,000 
154,000 
143,000 


Material  the  same  as  in  experiments  4, 5,  and  6.  The  average  elonga- 
tion at  proof  was  .13",  and  the  proof-strains  proportion  of  the  strength 
of  the  strongest  and  weakest  links  was  61.4  i>er  cent,  and  58  per  cent. 
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.Experiment  2fb.  8. 
Haixbial,  Ibos  B. 


o 

I 


\ 


"3 


» 

6.4 
7.0 
8.1 
9.0 
9.9 
ILO 
1L2 


Stretch  produced  in  single  links  at  stress  of— 


07 
06 


i 


.10 
.00 


g 


16 
11 
06 


I 
I 


.21 
.IS 
.10 


i 


.16 


I 
If 


.16 


s 


.07 


S 


g 


11 


i 


^ 


16 
09 
07 
07 


i 


ta 


.22 
.15 
.18 
.09 


CD 


s 


.80 
.19 
.15 
.12 


26 
19 
16 


.26 
.22 


V4 

OS  Pk 
CO 


.10 
.12 
.16 
.17 
.18 
.22 


Eosperiment  No.  9. 
lEON  A,  2". 

[Admiralty  proof,  72  tons.] 

Eleven  sections  of  this  cable,  each  15  fathoms  long,  were  measured  at 
stated  intervals  while  being  proved.  The  cable  made  from  this  iron 
was  of  the  best,  in  its  power  of  resistance  to  strains  of  all  natures,  yet 
it  could  not  resist  without  probable  injury,  the  strain  of  the  Admiralty 
proof,  as  shown  below. 


rofsoo- 
m. 

stress  of  first 
strotob. 

Permsnent  elongation  at  stress 
of— 

Nnmber  of  sec- 
tion. 

Stress  of  first 
stretch. 

Permanent  elongation  at  stress 
of— 

MS 

1 

56  tons. 

60  tons. 

64  tons. 

68  tons. 

66  tons. 

GO  tons. 

64  tons. 

68  tons. 

1 

Pwndi, 

Ft.  in, 
2    8 
2    6 
2    6 
2    1 

Ft.  in. 
8    6 
3    6 
3    7| 
2    7| 
2    9 
2  U 

Ft.  in, 
8    7i 

FLin, 
4   8i 

7 

8 

9 

10 

U 

Poundi, 

It.  in. 
2    ]| 
1    9 

2  4 

8 

Ft.  in. 
2    6^ 
2    4* 

2    8| 

FLin. 

.Ft.  in. 

2 

8 

104,600 
112,800 
106,400 

4 

6 

6 

At  60  tons'  stress  125  links  from  different  portions  of  different  sections 
were  carefully  measured,  and  had  stretched  from  .13"  to  .16",  averaging 
nearly  .16". 

In  the  test  of  the  fourth  section,  which  at  56  tons  had  stretched  less 
than  either  of  the  preceding,  it  was  determined  to  carry  the  proof  still 
farther,  and  4  tons  of  stress  were  added,  which  iucreased  the  elongation 
very  little  (about  24  per  cent.)  j  another  4  tons  inci-^ased  it  over  70  per 
cent.,  and  still  another  added  increased  the  elongation  at  56  tons  over 
130  per  cent.,  which  shows  that  even  a  slight  addition  to  a  stress  already 
too  great  produces  very  disproportionate  effects. 

We  did  not  think  it  advisable  to  risk  injury  to  the  cable  by  applying 
the  4  additional  tons  necessary  to  prove  it  by  the  Admiralty  standard. 
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In  the  following  table  the  strength  of  the  strongest  and  weakest  links 
made  irom  several  of  the  best  of  the  chain-irons  we  have  examined  is 
given^  with  the  ratio  borne  to  such  strength  by  the  Admiralty  proof- 
strains  for  the  sizes: 


strength  of  large  UnkB. 

Admiralty  proof 
percentage  0^ 

strength  of  small  links. 

Admiralty  pmof 
percentage  uf— 

Iran. 

1 

1 

03 

^ 

1 

OQ 

s 

1 

i 

CO 

In. 
1 

U 
1 

1 

1* 

1 

QQ 

■ 

■ 

1 

09 

• 

1 

A 

In, 

2 
11 

1 

Pounds. 

283.000 
2ai.  300 
21',  000 
215.600 
22.->.700 
237.000 
233,000 

Pounds. 

248, 000 
191,000 

67.0 
63.0 
66.0 
66.0 
63.3 
60.0 
60.8 

65.0 
64.0 

Pounds. 
72, 670 
96,960 
79.200 
67,600 
8.>.  600 
68,000 
122, 100 

PoundM. 

69,  61)0 
74,488 

65.5 
52  5 
61.3 
59.6 
60.  U 
59.3 
61.2 

58 

c 

63 

D 

p 

N 

O 

p 

ATerage. 

1 

1    ... 

6L0 

64.6 

1 

65.6 

61.5 

Convinced  by  the  evidence  which  has  been  given,  that  proving  Amer- 
ican cables  by  this  standard  was  a  frnitfal  source  of  weakened  cables, 
we  were  also  aware  that  in  recommending  that  it  should  be  no  longer 
used,  we  should,  if  the  advice  was  followed,  deprive  manufacturers  of 
good  cables  of  a  safeguard  against  competition  by  those  who  mi;;ht, 
unchecked,  use  very  inferior  iron.  We  have  therefore  considered  it 
essential  that  we  should  provide  a  substitute  which  would,  in  our  judg- 
ment, prescribe  strains  which  would  fully  prove  cables  and  not  be  liable 
to  injure  them.  We  submit  such  a  table,  which  is  based  upon  the  two 
principles,  that  a  proof-strain  should  not  greatly  exceed  the  ela.stic  limit, 
and  that  the  strength  of  a  cable  is  equal  only  to  that  of  its  weakest  link. 
In  the  preparation  of  this  table  it  was  first  necessary  for  us  to  establish 
within  reiisonable  limits  the  probable  maximum  and  minimum  strength 
of  cables  of  various  sizes,  and  the  elastic  limit  of  the  links.  Neither  of 
these  factors  can  be  fixed  definitely;  there  are  many  causes  which  tend 
to  produce  great  differences  both  in  the  strength  and  elastic  limit  of 
links  made  from  the  same  bar.  -The  most  important  of  these  causes  is 
the  liability  of  the  welds,  which  at  the  best  are  the  weak  spots  of  all 
links,  to  lack  uniformity,  and  no  rules  can  be  given  which  will  insure 
uniform  work  from  a  number  of  chain-welders.  We  were  therefore  com- 
pelled to  base  our  table  upon  data  which,  at  the  best,  could  be  consid- 
ered as  but  indicating  probabilities.  Assuming  as  a  standard  of  perfec- 
tion the  characteristics  of  a  bar  which,  when  made  into  a  link,  should 
develop  twice  the  original  strength  of  the  bar,  we  considered  that  the 
iron  which  approached  most  closely  and  with  uniformity  this  standard 
was  that  which  should  be  considered  as  the  most  suitable  for  cables. 
We  have  the  records  of  the  strains  at  which  a  large  number  of  bars  in 
their  normal  condition  were  ruptured  by  tension,  and  of  many  sections  of 
cable  made  from  them,  which  are  incorporated  in  the  "  Tables  of  compar- 
ative action  of  bars  and  links.^'  From  these  tables  we  have  made  the 
following  abstracts,  which  enable  us  to  arrive  at  conclusions  as  to  the 
probable  strength  of  cables  made  from  irons  varying  in  characteristics: 
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Primarily,  we  consider  that  the  valae  of  an  iron  for  chain  niannfoctare 
is  not  to  be  measnred  by  the  strength  of  the  links,  aniess  this  strength 
is  found  to  he  uniformly  maintained,  throughout  a  series  of  tests,  for  we 
find  that  those  irons  which  furnished  the  strongest  links  in  nearly  every 
case  furnished  also  the  weakest,  their  welding  properties  being  generally 
defective;  for  although  the  portions  of  the  links  which  have  not  been 
subjected  to  forging  are  very  strong,  in  each  link  there  is  a  probable 
very  weak  spot  caused  by  a  defective  weld. 

We  have  the  comparative  records  of  210  sections  of  cables  broken  by 
tension,  which  were  made  of  fifteen  different  irons.  Assuming  that  the 
utmost  strength  which  can  be  found  in  a  link  is  equal  to  200  per  cent,  of 
that  of  the  bar  from  which  it  was  made,  we  have  a  standard  by  which 
to  compare  the  irons,  and  establish  their  relative  value.  Examining  the 
abstracts  by  this  standard,  we  find  that  36  sections  developed  over  170 
per  cent,  of  the  bar's  strength,  22  of  them  exceeded  175  per  cent.,  9  ex- 
ceeded 180  per  cent.,  and  1  only  exceeded  185  per  cent. 

On  the  other  hand,  67  sections  developed  less  than  155  percent.,  leav- 
ing 107,  or  over  50  per  cent,  of  the  series,  which  developed  between  165 
and  170  per  cent,  of  the  bar's  strength,  and  of  these  the  average  develop- 
ment was  163  i>er  cent. 

The  210  sections  of  various  irons  can  be  reduced  to  143  sections  of 
iron  which  may  be  considered  ad  more  or  less  suitable  for  cable,  by  elimi- 
nating the  records  of  the  67  sections  which  were  broken  at  le^s  than 
155  per  cent  of  the  bar's  strength,  and  at  once  deciding  that  they  have 
no  claim  to  be  considered  as  having  been  made  from  suitable  chain-iron. 

This  we  can  do  in  many  cases  and  assign  good  reasons ;  24  sections 
were  made  from  an  iron  (M)  in  which  analysis  demonstrated  that  phos- 
phorus, copper,  nickel,  and,  in  some  cases,  chromium  occurred,  and  pos- 
sibly reduced  their  welding  values  as  all  the  '^  low  breaks"  of  this  iron 
occurred  "  through  the  weld";  8  were  made  from  iron  K,  in  which  car- 
bon was  high,  aitd  10  from  irons  'Ex  and  P,  which  were  known  to  have 
been  overworked,  leaving  but  22  such  percentages  to  be  assigned  to  the 
chapter  of  accidents.  From  which  data  we  conclude  that  bars  of  fairly 
good  chain-iron  will  produce  links  whose  strength  will  be  not  less  than 
155  per  cent.,  and  not  over  170  per  cent.,  and  that  by  aseries  of  tests,  an 
average  of  not  less  than  163  per  cent.,  made  up  of  fairly  uniform  factors, 
should  be  expected.  In  such  a  series  of  tests  an  occasional  ^^ favored" 
weld  may  produce  an  unusually  strong  link  or  a  defective  weld  a  very 
weak  one.  By  the  record  of  these  the  workmanship  should  be  judged, 
and  not  the  iron,  if  the  records  of  the  other  links  indicate  by  their  uni- 
formity that  the  fault  is  not  in  the  iron. 

We  have,  therefore,  adopted  for  our  standard  of  strength  and  welding 
qualities  combined,  170  per  cent,  of  the  strength  of  the  bar  for  a  maximum, 
163  per  cent,  for  an  average,  and  155  per  cent,  for  a  minimum.  Iron  which 
in  the  link  form  develops  the  average,  by  results  which  do  not  vary 
greatly,  we  consider  it  to  be  suitable ;  that  which  falls  below  the  average 
or  produces  it  by  very  irregular  factors,  we  consider  as  unsuitable. 

It  remains  to  decide  upon  the  strength  of  bar,  which  will  most  prob- 
ably produce  links  which  will  develop  the  largest  and  most  uniform 
percentages.  Our  records  again  supply  the  required  data.  We  find  the 
irons  A,  £,  O,  and  F,  which  were  low  in  tensile  strength,  sustained  the 
process  of  manufacture  into  links  with  less  loss  of  strength  than  did  other 
irons  which  exceeded  in  this  respect,  and  with  all  of  the  series  excess 
of  tensile  strength  was  accomi)anied  by  deficiency  in  strength  and  uni- 
formity as  cables. 
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Order  of  precedence  of  fourteen  irone  in  teneile  strength  and  resistance  to  impact  as  5art,  and 
in  welding  value  as  wteasured  by  strength  and  un^formUg  as  Unks. 
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The  ^:reat  tensile  strength  of  L  (66,000  poands),  and  of  E  (58,226 
pounds)^  while  giving  them  the  highest  nnmbers  as  bars  under  tension 
alone,  did  not  prevent  their  taking  very  low  rank  when  tested  as  cable 
and  by  sudden  strains.  While  with  irons  A  and  O.  with  average  ten- 
sile strength  of  52,000  pounds,  the  result  is  reversed,  the  percentage  of 
the  bar's  strength  developed  by  the  links  of  the  four  irons  were  of  L 
150  per  cent,  irregular;  of  K,  151  per  cent,  irregular;  of  A,  168  per 
cent.,  and  0, 166  per  cent.,  both  regular. 

We  have,  therefore,  guided  by  the  evidence  of  which  the  above  is  a 
type,  decided  upon  adopting  a  low  tensile  strength  as  a  probable  indica- 
tion of  high  welding  value,  and  as  shown  by  the  relative  order  as  judged 
by  the  power  of  resisting  sudden  strains,  of  great  resilience. 

In  selecting  the  low  tensile  strength,  we  did  not  decide  arbitrarily  in 
favor  of  the  precedence  which  should  be  given  to  the  percentage  of  bars' 
strength  developed  by  links.  We  find  that  in  many  cases  the  actaal 
strength  of  the  links  made  from  the  bars  of  low  tensile  strength  equals 
and  exceeds  that  of  others  from  much  stronger  bars. 

For  example,  iron  E  2"  bar,  tensile  strength  58,900  ppunds;  strength 
of  links,  258,900  pounds. 

Iron  A,  tensile  strength  2"  bar,  50,171  i>ounds ;  strength  of  link, 
266,000  pounds. 

Iron  D,  tensile  strength  2"  bar,  51,152  pounds;  strength  of  Unk, 
276,500  pounds. 

Iron  F,  tensile  strength  2"  bar,  48,956  pounds;  strength  of  link, 
268,750  pounds. 

And  our  records  supply  many  more  instances  where  the  strength  of 
links  made  from  iron  of  low  tenacity  exceeds  that  of  others  of  the  same 
size  made  from  stronger  bars,  and  in  nearly  all  cases  the  percentages  of 
the  bars'  strength  are  greater  and  more  uniform.  We  have,  therefore, 
decided  upon  recommending  for  cable  manufacture  iron  of  this  character, 
aware  that  in  so  doing  we  will  come  in  contact  with  a  widely  spread  and 
deeply  rooted  prejudice  in  favor  of  the  strong  bar  as  best  adapted  to 
make  strong  linJcs^  as  it  undoubtedly  would  be  were  it  not  that  great 
strength  in  the  direction  of  the  fiber  is  not  often  found  to  exist  except 
through  the  effect  of  a  great  amount  of  work,  which  will  cause  the  iron 
to  be  too  expensive  for  cable  iron,  or  through  the  presence  of  various 
chemicals  which  increase  tenacity  at  the  expense  of  welding  properties, 
thus  unfitting  it  for  use  as  cable  iron. 

We  consider  that  our  experiments  justify  us  in  recommending  as  a 
suitable  strength  for  a  2"  bar  of  chain  iron  a  mean  between  the  margins 
found  to  exist  in  those  bars  whose  record  both  in  bar  and  link  form  has 
been  just  given ;  and  as  the  links  of  iron  D,  with  tensile  strength  51,152 
pounds,  and  of  iron  F,  with  48,956  pounds,  were  equally  good  and  strong, 
we  adopt  their  mean  of  50,000  pounds.    And  we  find  that  iron  A,  which 
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possesses  nearly  the  medium  strength  as  a  bar  (50,171  poands),  produces 
cable  which  is  remarkably  strong  and  uniform. 

Considering,  then,  that  an  iron  is  suitable  which,  as  a  2"  bar,  has  a 
strength  of  50,000  pounds  per  square  inch,  and  that  other  irons  whose 
variations  from  this  strength  does  not  exceed  5  per  cent,  are  equally  so, 
we  have,  in  determining  the  strength  for  the  other  sizes,  to  avail  our- 
selves ot  the  information  procured  in  the  investigation  of  the  action  of 
the  rolls ^  which  is,  in  brief,  that  the  proportional  strength  of  bars  ot 
the  same  material  increases  as  the  diameter  decreases,  and  that  the 
&ggi*^g^te  of  the  increase  for  the  sixteen  sizes  (measuring  by  sixteenths 
ot  an  inch,  between  2"  and  1'')  is  from  4,000  to  0,000  pounds,  produced 
by  steps  which  are  made  more  or  less  irregular  by  irregularities  in  heat- 
ing the  p'.les. 

Using  the  mean  of  the  aggregate  of  increase  of  our  best  and  most 
uniform  irons,  we  find  that  the  strength  per  square  inch  of  a  bar  of  V 
diameter  is  about  5,600  pounds  greater  than  that  of  the  2",  and  that  if 
the  2^'  bar  is  equal  to  50,000  pounds,  it  is  probable  the  V  will  be  equal 
to  55,600  pounds. 

Examining  this  factor  by  comparison  with  actual  results,  as  in  the 
case  of  the  2'',  we  find  that  it  may  be  considered  as  a  very  suitable 
strength,  subject  to  the  variation  of  5  per  cent,  as  in  the  first  case, 
which  gives  from  53,000  to  58,000  pounds  as  a  suitable  strength  for  the 
V  bar.  From  our  records,  we  find  that  the  1"  bar  of  iron  A,  with  ten- 
sile strength  54,690  pounds,  produced  cable  equal  to  69,600,  71,700,  and 
72,700  i)ounds;  iron  F,  tensile  strength  51,900  pounds,  cable  equal  to 
67.600  pounds;  while  iron  P,  with  tensile  strength  of  58,000  pounds,  as 
cable  broke  at  60,400  pounds.  We  tested  but  comparatively  few  links 
of  l'^  but  the  comparison  of  the  IJ",  of  which  we  tested  a  number,  shows 
the  failure  of  an  excess  of  tensile  strength  to  benefit  the  links.  Iron  A, 
with  tensile  strength  53,700  pounds,  making  links  equal  to  80,000 
pounds;  iron  F,  with  tensile  strength  of  53,000  pounds,  as  links  broke 
at  86,000  pounds;  while  K,  with  60,500  pounds,  and  D,  with  59,500, 
broke  at  84,500  and  87,500  pounds. 

It  was  necessary  to  connect  these  strengths  assigned  to  the  extremes 
by  a  series  of  successively  increasing  factors,  the  aggregate  of  which 
should  equal  5,600  pounds.  No  system  by  which  this  could  be  done  with 
certainty  presented  itself,  but  it  was  evident  that  a  uniform  coeflficient 
of  increase  for  each  of  the  sixteen  reductions  could  not  be  used,  as  the 
difference  in  strength  produced  by  variations  in  reductions,  changed 
much  less  rapidly  than  did  that  in  the  entire  strength  of  the  various- 
sized  bars  produced  by  variations  in  diameter.  We  considered  that  this 
difference  was  greater  in  proportion  to  the  entire  strength,  as  the  latter 
became  less  through  decrease  of  area,  and  we  therefore  calculated  a 
ratio  which  produced  a  constantly  increasing  coeflBcient  to  be  applied  as 
the  diameters  decreased,  with  results  as  follows,  eaeh  of  which  results 
is  the  correction  to  be  added  to  the  strength  per  square  inch  of  any  size 
in  order  to  obtain  that  of  the  size  -^'^  less  in  diameter.  Starting  with 
60,000  pounds  as  the  strength  of  the  2",  we  add  245,  253,  262,  273,  284, 
296,  309,  323,  339.  357,  376,  398,  423,  451,  484,  and  523  pounds  for  each 
reduction  of  iV  oi  an  inch  in  diameter,  by  which  we  arrive  at  a  strength 
per  square  inch  for  each  size  which  agrees  closely  with  that  found  in 
the  best  and  most  uniform  chain- irons.  The  latter,  however,  being 
exposed  to  constant  chances  of  irregularities  from  many  causes,  cannot 
be  expected  to  coincide  in  strength  very  closely  with  any  calculated 
table. 
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Using  the  above  factors  of  correction,  we  obtain  the  following  table: 

Probable  strength  of  rownd  bars,  ca1<iulated  tpith  an  allowance  for  variation  in  strength  due 

to  variation  in  diameter. 


Size  of  bur. 


Jwdkaf. 


2.. 

it 

It 
It 


strength  of  ber. 

Per  square 
inch. 

Coefficient 

Of  entire 

of  increase. 

bar. 

Pounds. 

Pounds. 

Pounds. 

50,000 

245 

157,080 

245 

253 

148. 137 

408 

2«2 

1S9.  430 

760 

273 

130.966 

61,033 

284 

122, 745 

817 

296 

114.770 

613 

800 

107.040 

922 

323 

99,560 

82,245 

839 

92, 322 

684 

867 

85,339 

041 

376 

78,607 

53,317 

898 

72,133 

716 

423 

65.014 

54,138 

451 

59,958 

680 

484 

54,261 

65,073 

523 

48,800 

500 

43,665 

Accepting  this  rate  of  increase  of  strength  as  one  which  approximates 
to  the  actual  increase  of  tenacity  of  iron  bars  of  decreasing  diameter, 
we  have  used  it  in  the  calculation  of  onr  proof-table.  As  this  is  the 
basis  upon  which  the  table  is  constructed,  the  following  evidence  is  sub- 
mitted, by  which  it  may  be  seen  that  by  the  use  of  the  corrections  a  more 
correct  estimate  can  be  made  of  the  strength  of  a  bar  of  any  diameter 
than  by  the  assumption  that  the  tensile  strength  of  all  diameters  is  equal. 
The  comparison  of  the  strength,  as  found,  of  a  large  number  of  bars  of 
various  irons  and  sizes  with  that  calculated  proves  that  our  corrections 
are  not  far  out.    (See  table,  page  94.) 

A  few  examples  will  be  given,  which  sho\r  conclusively  that  by  means 
of  the  corrections  for  variation  in  diameter  given  in  the  table  the  strength 
of  a  bar  of,  say,  2'',  can  be  closely  estimated  from  the  data  famished  by 
the  test  of  a  V*  bar.  Selecting  irons  A,  F,  O,  and  P,  which  were  quite 
uniform,  the  strength  of  the  2"  bars  was: 

Actual  strength A157,630 lbs., F  150,413 lbs., 0151,597 lbs.,?  159,720 lbs. 

Calculated  with  correction ....  A 154, 100  lbs. ,  F  151,:^46  lbs. ,  0 148,989  lbs. ,  P  163,800  lbs. 
Calcolated  witlioat  correction .  A  181,836  lbs. ,  F 163, 136  lbs. ,  0 166,635  lbs. ,  P  181,600  lbs. 

The  latter  process  involving  an  overestimate  of  from  12,700  to  24^200 
pounds,  which  error  is  reduced  in  two  cases  by  the  use  of  the  corrections 
to  an  overestimate  of  4,080  and  933  pounds,  and  in  others  to  an  under- 
estimate of  3,448  and  2,608  pounds.  Had  the  strength  of  the  links  of 
the  2"  been  calculated  from  the  erroneous  strength  of  the  bar,  the  error 
would  have  proved  much  more  serious,  as,  for  instance,  with  iron  A, 
using  170  per  cent.,  163  per  cent.,  and  155  per  cent,  of  the  strength  of 
the  bar  for  the  maximum,  average,  and  minimum  strength  of  links,  the 
strength*  compared  with  that  actually  found  would  be  as  follows :  Calcu- 
lated maximum,  311,121  pounds;  average,  296,346  pounds;  minimum, 
281,850  pounds.  By  test,  the  actual  strength  was,  maximum,  283,200 
pounds;  average,  264,000  pounds ;  minimum,  244,000  pounds. 
The  following  table  has  been  prepared,  in  which  the  average  strength 

*The  factors  of  increase  representing  the  yariation  dne  to  yariation  in  area,  plus 
coEiection  for  yariation  of  eftect  of  rolls. 
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of  sach  bars  as  have  produced  good  cables  is  placed  iu  contrast  with  tbe 
strength  called  for  by  the  calculated  table: 

OnAparisan  of  calculated  with  actual  strength  of  bars. 


SIseoflMr. 


Strangth. 


'3 


Poundt. 

167. 080 

148, 137 

139, 430 

130.066 

122. 745 

114, 770 

107,040 

00.560 

92, 322 

85.830 

78,607 

72,133 

65.914 

59,958 

54.261 

48,800 

43.665 


Pounds. 
157.580 


141, 120 
131, 075 
124.580 
115. 690 
108,800 


93,358 
85.000 
79. 311 

74.505 
66»724 


54,570 
'44,'i26' 


s 


i 

p 


Poundt. 
500 


1.600 
1.009 
1,835 
920 
1,760 


1,036 
839 
704 

2,372 
810 


309 
'461 


Irons  represented  in  avemges. 


o 


a 

o 


9 

5 

13 

4 
10 


9 
6 


Is 


35 


26 
8 

83 
7 

25 


13 

84 

6 

12 

9 

27 

1 

91 

9 

106 

Nameof  ironB. 


29 


A,  C.  D,  E,  F,  r«,  M,  O,  P. 

Same  as  2". 
B,C,E.G,H. 

A,C,I),E.Fa;,G.H.J,F,0,K,P.M 
H,  C.  G,  E. 

A,  C,  D,  E,  F,  Fa;,  G,  H,  J,  O. 

Same  as  1}". 

B,  C,  E,  G,  H,  P. 
A,C,D,E,F,Fa?,N,0,P. 

Same  as  i^". 

Same  as  1§". 

A,  D,  F,  Fas,  O,  P. 


Having  thus  fixed  upon  a  suitable  strength  for  each-sized  bar,  we 
deduce  the  probable  strength  of  cables  made  from  them  by  the  aid  of 
the  percentages  of  the  bar's  strength  which  we  have  found  will  probably 
be  developed  by  the  links  as  indicated  by  those  found  in  such  irons  as 
we  have  examined. 

In  this  table  of  strength  of  links  it  is  considered  that  no  iron  should 
be  expected  to  possess  in  link  form  over  170  percent,  of  the  bai^s  strength, 
and  that  no  suitable  chain-iron  should  possess  less  than  155  per  cent,  of 
the  same;  and  that  the  average  strength  of  a  number  of  tested  sections 
should  not  be  less  than  163  per  cent.;  such  average  to  be  made  from  fairly 
uniform  factors. 

Ptohahle  strength  of  odbles,  made  from  bars  with  strength  corresponding  to  that  given  in  table. 


Strengtli  of— 


Sixe  of  bar. 


Bars. 


^rBCMvv* 


2  .. 

I 

\t 
IP: 
\t 

it 
it 


Strength 

of   entire 

bar. 


Poundt. 

157, 080 

148, 137 

139,430 

130,066 

122, 745 

114. 770 

107.040 

99.560 

92,322 

85,839 

78,607 

72,133 

66.914 

69,958 

64,261 

48,800 

48,665 


Chain  links. 


Mazimnm, 

Average, 

170  per 

ICSper 

cent  ol  bar 

cent  of  bar. 

Poxmdt. 

Poundt. 

267. 036 

256,040 

251.838 

241,468 

237.031 

227, 271 

222, 642 

213.475 

208.666 

200,074 

195, 109 

]  87,  075 

181,968 

174.476 

169,250 

162,283 

156,947 

150.  4fe5 

145, 076 

130, 103 

133, 632 

128, 129 

l:«,  626 

117, 577 

112, 054 

107,440 

101,929 

07.781 

02.244 

88,445 

82,960 

79,544 

74,230 

71, 172 

Minimum, 

155  per 
cent  of  bar. 


Poundt. 

243. 474 

229,612 

216, 116 

202,007 

190,256 

177.894 

165, 912 

154, 318 

143.099 

132. 276 

121, 842 

111,806 

102,167 

92,936 

84.105 

76.640 

07,681 
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It  is  very  probable  that  in  every  finished  cable  there  will  be  some  links 
introduced  the  strength  of  which,  although  not  less  than  the  minimum 
of  the  table,  will  be  considerably  below  the  maximum,  and  furnish  the 
lower  factors  from  which  the  averages  are  produced;  and  it  is  also 
probable  that,  through  defective  welds,  there  may  be  a  few  links  whose 
strength  is  even  less  than  the  minimum.  A  proof-strain  should  not  be 
so  great  that  its  application  will  have  a  tendency  to  reduce  the  strength 
of  the  first-named  class  to  that  of  the  second,  nor  should  it  be  so  slight 
that  links  of  the  second  class  will  be  so  slightly  affected  that  their  exist- 
ence is  not  made  manifest. 

We  cannot  adopt  a  safer  strain  than  one  which  approximates  to  the 
elastic  limit  of  the  link,  and  the  link  whose  elastic  limit  we  should  adopt 
is  the  weakest  one  which  will,  after  proof,  remain  in  the  cable. 

We  have  endeavored  to  ascertain  by  actual  experiment  the  elastic 
limit  of  many  of  the  links  that  we  have  broken.  We  have  found  that, 
as  with  the  strength  of  the  link,  this  factor  can  at  the  beat  be  but  ap- 
proximated, but  consider  that  the  proportions  found  to  exist  between 
the  limit  or  elasticity  and  the  strength  of  the  round  bars  from  which 
the  links  are  made  furnish  us  with  a  maximum  beyond  which  we  can- 
not exi)ect  that  of  the  link  to  be  found.  We  have  found,  by  a  great 
number  of  tests  of  bars  in  their  normal  condition,  that  the  elastic  limit 
of  good  cable-iron  is  about  57  per  cent,  of  its  ultimate  strength.  (See 
record  of  bar-test^.) 

The  process  by  which  the  links  are  manufactured  undoubtedly  changes 
both  the  strength  and  elasticlimit  of  the  portion  upon  which  the  welds  are 
made ;  the  extent  of  this  change  we  have  no  means  of  knowing,  and  so 
irregular  are  the  processes  of  manufacture  that,  if  accurately  ascer- 
tained in  regard  to  a  tested  link,  the  data  would  be  of  no  value  in  esti- 
mating its  extent  in  the  case  of  another. 

We  are  therefore  again  reduced  to  probabilities.  Generally,  the 
elastic  limit  of  material  is  coincident  with  the  first  perceptible  perma- 
nent change  of  form  produced  by  stress.  With  a  chain-link  this  cannot 
be  accepted  as  correct,  as  through  various  causes  the  form  of  the  link 
may  change  at  a  stress  not  great  enough  to  i>roduce  change  in  the 
atomic  relations  of  the  material.  Still,  this  first  change  of  form  indi- 
cates an  approach  to  this  limit,  and  we  have  carefully  observed  it  in  the 
test  of  many  links,  and  find  that  with  such  irons  as  A,  B,  C,  F,  Vx,  and 
others  considered  suitable  for  cable,  the  percentage  of  the  stress  which 
will  break  the  cable,  at  which  the  elongation  can  be  observed  and  meas- 
ured, is  about  44  per  cent.,  and  that  this  percentage  exists  with  consid- 
erable regularity,  so  much  so  that  we  feel  justified  in  assuming  it  as  the 
nearest  approximation  to  the  elastic  limit  of  the  link  that  can  be  de- 
duced from  our  experiments.  But  we  believe,  for  several  reasons,  that 
in  most  cases  it  is  too  low  a  percentage;  first  of  which  is,  that  through 
badly  fitting  studs,  many  links,  during  the  beginning  of  an  increasing 
stress,  may  be  considered  as  open  or  unstudded  ones,  and  the  "  first 
stretch^  is  produced  by  a  slight  closure  of  the  sides  upon  the  stud;  and 
open  links  begin  to  stretch  at  a  much  lower  stress  than  studded  ones. 
It  is  probable  that  a  mean  between  the  ratios  of  the  ultimate  strength 
at  which  the  material  in  bar  form  begins  to  stretch,  viz,  57  per  cent., 
and  that  at  which  the  links  first  elongate,  viz,  44  per  cent.,  will  give  as 
nearly  the  probable  elastic  limit  of  the  link  as  can  be  obtained  by  any 
other  process.    No  exact  limit  can  be  fixed  upon. 

An  iron  with  low  tenacity  and  high  elastic  limit  will  naturally,  when 
subjected  to  stress,  act  very  differently  from  one  in  which  these  ele- 
ments are  reversed  in  value.    An  iron  whose  characteristics  are  such 
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tbat  the  process  of  welding  lowers  the  ultimate  strength  of  the  welded 
part,  may  still  be  able  to  resist,  through  its  stiff  and  brittle  nature,  a 
very  high  stress  before  it  begins  to  change  form,  but  it  may  break  at  a 
slight  additional  stress.  We  have  in  calculating  the  proof-strains  as- 
sumed that  it  is  not  safe  to  use  above  50  x)er  cent,  of  the  strength  of 
the  weakest  part  of  the  cable. 

There  is  still  another  reason,  deduced  from  our  experiments,  which 
leads  us  to  recommend  a  lower  proving-strain.  In  our  investigation 
of  the  law  of  the  elevation  of  the  limit  of  stress,  we  have  found  that 
although  wrought  iron  acquires  increased  power  to  resist  steady  stress 
by  the  action  of  stress  previously  withstood,  yet  its  power  to  resist 
sudden  stress  is  lowered^  and  for  this  reason  the  operation  oi  the  law  is 
injurious  to  cables. 

The  proving-strains,  calculated  upon  the  principles  indicated,  are  as 
follows,  and  they  have  been  adopted  as  the — 

UNITED  STATES  STAJSTDABD  PBOOF-TABLE  FOB  CHAIN  GABLES. 

[StrainB  being  equal  to  45.57  per  cent,  of  the  stroxiKth  of  the  Btrongest  and  to  50  per  cent,  of  that  of  the 

weakest  links.] 


SlZB- 


n 
1 

lA 

U 

lA 

H 

lA 

i| 

lA 

U 

lA 

i| 

i« 

11 

IH 

If 

IH 

2 

2A 

2* 

2A 

H 

14  TM 


PBoynro  flTBAiir. 


Pounds. 


33,840 

37,820 

42,0ff0 

46,470 

ffl,080 

90,900 

60,920 

06,140 

71,990 

77,160 

82,960 

88,090 

99,  ISO 

101,900 

108,060 

114,600 

121,740 

128.920 

136,290 

143,870 

191,640 


Tons. 


19.10 
16.90 
18.80 
20.79 
22.79 
24.99 
27.20 
29.90 
31.99 
34.90 
37.00 
39.70 
42.49 
49.80 
48.29 
91.29 
94.39 
97.60 
60.80 
64.29 
68.00 


imnMUM  BREAKDXQ  BTBAIN. 


Pounds. 


67,680 
79,640 
84, too 
92,940 
102,160 
111,800 
121,840 
132,280 
143,100 
194,320 
169,920 
177,900 
190,260 
203,000 
216,120 
229,600 
243,480 
297,840 
272,980 
287,740 
803,280 


Tons. 


S0.20 

33.80 

37.60 

41.96 

49.90 

49.90 

94.40 

99.00 

63.90 

69.00 

74.00 

79.40 

84.90 

90.60 

96.90 

102.90 

108.70 

119.20 

121.60 

128.90 

136.90 
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This  proof-table  differs  from  all  others  nt  present  in  nae,  among 
which  are  those  of  the  British,  French,  and  United  States  Governments, 
in  many  important  points,  among  which  the  following  may  be  noticed: 

First.  The  strains  recommended  are  based  upon  the  actual  strength 
foond  in  a  fair  average  lot  of  American  irons,  tested  with  cai'e  by  all 
known  methods,  and  the  residts  cai-efidly  studied  and  compared. 

Second.  In  calculating  these  strains,  the  error  which  has  prevailed, 
that  tbe  strongest  links  are  made  from  the  strongest  bars,  has  been 
eliminated,  and  allowance  made  for  the  low  tensile  strength  which  it  is 
absolutely  necessary  to  have  in  good  chain  iron,  to  insure  good  welding 
qualities  and  freedom  from  brittleness. 

Third.  In  this  table,  allowance  is  maile  for  the  variation  in  propor- 
tional strength  accompanying  variations  in  diameter  of  bar,  and  thus 
all  sizes  are  strained  to  the  same  proportion  of  their  strength,  tbe  strains 
prescribed  decreamng  regularly  as  the  diameters  increase,  from  43,000 
pounds  per  square  inch  upon  the  V  to  38,000  on  the  2^''.  In  the 
Britit>h  Admiralty  standard  the  strain  upon  all  sizes  is  uniform  at  51 ,300 
pounds  per  square  inch.  In  the  United  States  Navy  proof-table,  for 
which  that  of  the  Board  has  been  substituted,  the  strains  increase  irregu- 
larly with  each  increase  of  diameter,  from  34,000  pounds  per  square  inch 
upon  the  1",  to  37,200  pounds  upon  the  2^''. 

Fourth.  In  this  table,  due  weight  has  been  given  to  the  fact  dis- 
covered by  two  members  of  the  Board,  that  strain  carried  beyond  the 
elastic  limit  causes  the  iron  strained  to  become  brittle  and,  although 
possessing  more  power  to  resist  steady  strains,  to  lose  power  to  resist 
sudden  strains,  and  the  elastic  limit  of  the  links  has  therefore  been 
sought  for,  found,  and  utilized. 

Fifth.  In  this  table  the  possibility  is  recognized  of  there  being  intro- 
duced into  cables,  links  made  from  bars  which,  although  of  tht*.  same 
iron,  are,  through  faults  in  rolling,  more  or  less  scaniy  and  thus  possess 
less  strength  than  bars  rolled  true,  which  deficiency  will  be  carried  into 
the  links.  Should  there  by  accident  be  a  few  links  of  l|f  in  a  2'' 
cable,  the  Admiralty  proof  would  strain  the  strongest  of  such  links  to 
over  62  per  cent,  and  the  weakest  to  over  70  per  cent,  of  the  actual 
strength. 

For  these  reasons  we  recommend  that  this  table,  based  upon  actual 
strength  of  American  iron,  be  used  in  testing  American  chain,  in  place 
of  that  of  the  British  Admiralty,  which  is  based  upon  a  standard  tensile 
strength  of  60,000  pounds  per  square  inch,  a  strength  which  American 
chain -iron  does  not  possess. 

This  proof-table  having  been  submitted  by  the  editor,  to  the  Navy 
Department,  has,  as  shown  by  tbe  following  letter,  received  itis  ofdcial 
indorsement,  and  has  become  the  United  States  standard: 

Navy  Department, 
Bureau  of  Equipment  and  RECEUiTiNa, 

Washington,  I).  (7.,  October  19, 1881. 

Sie:  The  proof  table  for  testing  chain  cables,  submitted  in  your  letter 
of  this  date,  has  been  examined  and  is  hereby  approved,  and  will  be 
adopted  as  the  standard  of  the  Navy  of  the  United  States. 
Very  respectfully, 

EAEL  ENGLISH, 

Chief  of  Bureau. 
Gapt.  L.  A.  Beabdslee, 

United  States  Navy. 
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A  portion  of  the  examination  of  this  table  consisted  in  a  comparison 
of  its  figures,  which  show  what  strength  good  chain  cable  should  have, 
with  the  results  of  experiments  carried  on  by  a  board  of  oflBcers  under 
the  Bureau  of  Equipment,  for  the  purpose  of  determining  the  compara- 
tive strength  of  various  sized  wire  and  hemp  ropes,  chain  cables,  &c., 
during  which  the  following  remarkable  coincidences  were  observed: 

Strength  of  vanoua-sized  chain  cable  as  found  hy  actual  tests  Jyy  Equipment  Board  and  as 

calculated  by  United  States  Iron  Board. 


n 


1... 

if 


fall. 


if-. 


full 


Diameter. 


Pounds, 

63,860 

78, 220 

94.650 

103, 4M 

112,640 

122,220 

132, 200 

142,560 


POO    . 

Ill 

CO 


Pounds. 

07,700 

84,100 

92,040 

102, 160 

111,  800 

121, 840 

132,280 

143,100 


Throughout  the  sizes  other  coincidences  exist 


Comparison  of  the  proving-strains  of  various  proof -tables. 


2... 


It 
It 
It 
It 
\t 


i!^- 


Size  of  cable. 


Jnehes. 


e  9 

II 

III 

P 


Pounds. 

117,600 
108,600 
100,800 
91,800 
87, 800 
83,200 
78, 000 
72,000 
66,200 
61,200 
56,000 
60,400 
44.800 
40,000 
84,600 
30,600 
26^800 


i 


flB 


Pounds. 

121, 737 

114, 806 

108, 058 

101, 409 

05, 128 

88,947 

82,956 

77, 160 

71,650 

66,188 

60,920 

65,003 

51,084 

46,468 

42,053 

37,820 

83,840 


Probable  per- 

centago  of 
atrengui  of— 


IS 


p 

CO 


45.5 
45.6 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.5 
45.6 
45.5 
45.6 
45.5 


^ 


50 
60 
50 
60 
60 
60 
60 
50 
50 
50 
60 
60 
50 
60 
60 
60 
50 


Pounds. 

161, 280 

161, 357 

141, 750 

182, 467 

123,480 

114, 817 

106, 470 

08,437 

90,720 

83,317 

76, 230 

69,457 

63, 000 

56,857 

61, 080 

46.  517 

40,320 


Probable  pei> 

contage  of 
strength  of— 


CO 


60.8 
60.1 
59.8 
60.4 
59.1 
68.8 
58.5 
68.2 
57.8 
67.4 
67.0 
56. 6 
66.2 
55.7 
65.8 
64.8 
54.3 


t 


66.2 
65.9 
65.5 
65.2 
64.9 
64.5 
64.1 
63.7 
63.3 
62.9 
62.5 
62.1 
61.6 
61.1 
60.6 
60.1 
50.5 


*  Extracts  fW)m  "Beport  of  Board  for  testtng  plain  and  galvanized  iron  and  steel  wiOe,  &o.,  &o./* 
conducted  at  Navy-yanl,  Waahington,  D.  C,  1878  and  1879l 
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[APPENDED.] 
SECTION  III. 

NOTES  UPON  THE  IRONS  EXAMINED. 
Part.  1.    Notes  upon  the  VARiors  irons  bxaminkd,  with  experiments  showing 

EFFECTS  produced  BY  REWORKING  MATERIALS  OF  DIFFERENT  CHARACTERISTICS. — 

Part  2.    Chemical  ANALYbis  of  the  irons,  with  comparison  of  tee  chemical 

AND  physical  RESULTS. 

PART  I. 

A  comparison  of  the  results  obtained  by  steady  and  sndden  strains 
upon  bars,  and  by  steady  strains  upon  the  links  made  irom  the  bars,  in- 
dicates  that  there  are  two  classes  of  iron,  which,  although  possessing 
considerable  tensile  strength  in  the  form  of  straight  bars,  are  equally 
uDSuitable  for  cable-iron,  through  defective  resilience,  or  inferior  weld- 
ing qualities. 

The  first  class  includes  the  greater  portion  of  the  ordinary  cheap  iron 
found  in  the  market,  which  iron  is  cheap  because  it  has  not  received 
enough  work,  which  is  expensive,  to  greatly  change  its  characteristics 
from  those  which  it  possessed  as  crude  iron. 

When  tested  by  tension,  iron  of  this  class  shows  slight  change  of  form 
at  rupture,  and  when  broken  by  impact  it  proves  brittle  and  unreliable 
under  sudden  strains. 

After  fracture  the  appearance  of  the  broken  surface  is  described  as 
"  coarse  gi^anulous,"  and  generally  is  bright  and  glistening. 

Such  iron  will,  when  subjected  to  impact,  break  with  but  little  de- 
flection, and  sometimes  by  blows  of  less  force  than  it  had  previously 
withstood  without  sign  of  injury. 

The  second  class  includes  many  excellent  irons  with  high  tenacity, 
which  is  due  either  to  very  thorough  work,  or  to  ingredients  in  its  com- 
position which  tend  to  increase  tenacity,  frequently  at  the  expense  of 
welding  qualities. 

A  few  notes  in  regard  to  the  irons  we  have  examined  will  illustrate 
these  points. 

Contract  Ohain-Ieon. 

Record  of  bars  tested  by  tension,  Nos.  1  to  65 ;  by  impact,  Nos.  1  to  85  j  chemical  analy- 
giB,  No.  156. 

The  tests  upon  this  iron  were  made  by  the  chairman  of  the  committee, 
in  obedience  to  an  order  of  the  Navy  Department. 

The  general  character  of  the  iron  was  that  of  class  first,  coarse, 
brittle,  and  slightly  worked. 

As  a  result  of  the  tests  the  entire  stock  on  hand  was  condemned, 
but  much  of  it  having  been  found  to  be  susceptible  of  great  improve- 
ment by  reworking,  it  was  so  treated  with  good  results. 

Using  this  iron  as  a  basis  for  experiments  in  reworking  and  in  mix- 
ing irons  with  difleriug  characteristics,  we  produced  the 

Hammered  Iron. 

Record  of  bars  tested  by  tension,  Nos.  66  to  111,  inclnsive  j  by  impact,  Nos.  86  to  304. 

The  process  by  which  this  iron  was  manufactured  was  as  follows: 
Such  of  the  contract  chain-iron  as  our  experiments  had  shown  to  be 
most  benefited  by  increased  work  was  selected,  heated  to  a  very  high 
heat,  and  thoroughly  hammered  by  the  steam-hammer,  each  link  or  bolt 


PLATE  VI. 
IMPACT  TESTS. 


CONTRAST  IN  THE  APPKARANLK  OF  fRACTrRRS 

BVIMPACl  MAUK  tTI)N  EXTKKMKI.V  BRIITLK 

AN  [I  F.XTRKME1.V  TOl'i;H  1RIINS. 
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>y  itself,  untH  it  was  flattened  to  a  slab.    During  the  process  great 
quantities  of  dross  and  scoria  were  expelled. 

Old  condemned  boilers  were  cut  up,  and  the  better  portions  cut  into 
labs,  which  were  heated  to  a  red  heat  and  the  rust  beaten  off;  these 
dabs  of  the  two  irons  were  then  piled  in  the  following  manner : 


Boiler-iron. 


Twice-hammered  chain-iron. 


Once-hammered  chain-iron. 


Crown-sheet  boiler-iron. 


Once-hammered  chain-iron. 


Twice-hammered  chain-iron. 


Boiler-iron. 


These  piles  were  about  2(y'  by  KK',  and  were  heated  and  hammered 
nto  octagonal  blooms. 

The  advantages  which  it  was  hoped  would  be  secured  by  the  above 
nethod  of  piling  were,  that  the  soft  and  comparatively  plastic  center 
t\'ould  permit  extreme  flexure;  that  the  coarse  once-heated  chain-iron 
sv'ould,  being  supported  by  this  yielding  center,  sustain  flexure  to  a  much 
greater  extent  than  if  not  so  supported;  and  that  the  thoroughly  re- 
[»ented  and  reworked  layers  of  chain -iron  next  to  the  outer  layers  would 
inpart  strength  and  toughness  to  the  mass,  and  would  absorb  any  blows 

sudden  strains,  which  received  upon  the  outer  surface  would  encounter 

st  a  cushion,  and  then  a  tough  iron;  and  that  the  resultant  iron  would 
^  ssess  great  power  to  resist  both  sudden  and  steady  strains,  would 
L  ^nd  double  without  breaking,  and  the  parts  not  being  perfectly  homo- 
^x  neous,  the  rupture  of  a  portion  of  a  bar  would  not  render  valueless 
th")  remainder.  That  we  secured  all  these  advantages  our  tests  show 
p  tinly. 

Tested  by  tension,  the  iron  showed  fair  tensile  strength  (average 
53,000  pounds),  uniformity,  and  ductility;  tested  by  impact,  bars  of 
all  sizes,  in  their  normal  condition,  would  sustain  heavy  blows  with 
slight  deflection,  and  finally  double  till  the  sides  were  close  together, 
without  injury.  Extreme  tests  were  made  by  impact;  one  hundred 
and  ninety-seven  bars  of  2"  diameter  were  swaged  from  the  blooms, 
each  of  which  was  circled  with  a  score  ^"  deep  in  the  center ;  these 
barH  were  struck  upon  this  score  by  the  wedge-shaped  hammer  of  the 
impact  testing-machine,  dropped  from  a  height  of  30  feet,  the  hammer 
weighing  100  pounds.  Each  blow  was  considered  to  be  equal  to  3,000 
foot-pounds. 

2,  or  1  per  cent.,  resisted  7  blows. 

5,  or  2.54  per  cent.,  resisted  6  blows. 
27,  or  13.6  per  cent.,  resisted  5  blows. 
68,  or  34.5  per  cent.,  resisted  4  blows. 
1 1,  or  36  per  cent.,  resisted  3  blows. 
21,  or  10  per  cent.,  resisted  2  blows. 

3  broke  at  first  blow. 

The  three  which  broke  at  a  single  blow  were  found  to  have  been  made 
partially  of  boiler-steeL 
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Ibon  a. 

From  these  hammered  blooms,  those  which  had  resisted  at  least  three 
blows  were  reheated  and  rolled  in  the  copper-mill  into  the  above  iron, 
of  which  the — 

Record  of  tests  by  tension  iis  bars  is  Nos.  112  to  162  ]  by  impact  as  bars,  Nos.  305  to 
467 ;  of  links,  Nos.  1  to  41 ;  chemical  analysis,  135. 

The  greater  portion  of  iron  A  was  rolled  into  2''  bars,  the  fag-ends 
being  reduced  still  further  to  ly^  and  a  portion  of  one  day's  work  was 
rolled  into  bars  of  all  sizes  from  V  to  2J",  varying  by  eighths  of  an  inch. 

The  tests  by  tension  of  the  2"  bars  showed  tenacity  quite  uniform, 
averaging  about  50,000  pounds,  that  of  the  bars  varying  in  diameter 
ranging  from  51,000  to  55,000  pounds. 

The  blooms  for  the  sizes  from  2''  to  1^'',  inclusive,  were  of  uniform 
area,  as  were  those  of  1^"  to  1",  inclusive. 

All  of  the  bars  showed  great  ductility  and  change  of  form  under 
tension,  having  a  rather  low  elastic  limit,  which  was  due,  no  doubt,  to 
the  fact  that  the  softer  and  more  ductile  portions  stretched  first.  Tested 
by  impact  all  sizes  up  to  2:^'  bent  completely  double  by  heavy  blows. 
(3,000  foot-pounds)  delivered  upon  the  center  of  the  test- pieces,  bending 
them  to  the  face  of  the  wedge,  when  the  steam-hammer  completed  the 
closure,  as  shown,  (Plate  VII.) 

Sixty  of  the  bars  of  the  2''  rolled  were  tested  by  impact  in  the  same 
manner  as  the  hammered  iron. 

1,  or    1.66  per  cent.,  resists  7  blows. 

1,  or    1.66  per  cent.,  resisted  6  blows. 

8,  or  13.33  per  cent.,  resisted  5  blows. 
14,  or  23.33  per  cent.,  resisted  4  blows. 
16,  or  26.66  per  cent.,  resisted  3  blows. 
14,  or  23.:^)  per  cent.,  resisted  2  blows. 

6  broke  at  less  than  2  blows. 

Fractures  showing  long  gray  fiber  and  "  barking,"  as  shown,  (Plate 
IV.) 

Eighty-three  tests  by  impact  were  made  upon  the  IJ"  bars,  all  being 
scored  with  a  circle  ^a"  deep  and  struck  by  the  lOO-pouud  hammer 
dropped  30  feet,  the  temperature  being  from  20o  to  35°  during  test,  and 
the  bars  having  been  exposed  the  preceding  night  to  a  temperature  of 
lOo  to  150. 

Sixty-one  pieces  withstood  this  blow  without  breaking,  many  being 
hardly  cracked.    Most  of  those  which  broke  showexi  fibrous  structure. 

It  is  probable  that  the  final  heating  and  rolling  deprived  the  iron  of 
a  portion  of  its  power  to  resist  shocks,  as  the  record  of  the  hammered 
iron  is  superior  to  that  of  the  rolled  in  this  respect.  Tested  as  cable, 
the  links  of  all  sizes  i)roved  strong,  and  the  welding  value  of  the  iron 
was  good,  a  large  proportion  of  the  links  (18  out  of  37)  breaking  at  the 
butt  end.  The  strength  of  links  ranged  from  161  per  cent,  to  173  per 
cent.,  averaging  169  per  cent,  of  the  bar's  strength. 

No  iron  which  we  have  examined  has  proved  superior  to  this  for  cable- 
iron,  and  there  is  no  reason  why  any  manufacturer  should  not  be  able 
to  produce  similar  material  by  suitable  mixtures  in  the  piles,  and  by 
giving  such  amount  of  work  a«  is  found  to  be  best  adapted  to  develop 
good  welding  properties. 

Even  though  it  should  be  considered  as  impractical  to  arrange  every 
pile  with  due  attention  to  a  balancing  of  opposite  characteristics,  the 
quality  of  ordinary  chain-iron  can  be  vastly  imi^roved  by  subjecting 
the  coarse  material  of  which  it  is  generally  composed  to'  much  more 
thorough  working  than  is  ordinarily  the  custom. 


\ 
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I 
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PLATE  VIII. 
IMPACT  TESIS. 
Fig.   I.    11-4  in.  bar. 
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A  number  of  the  t^st-pieces  of  iron  A  which  had  been  tested  by  im- 
pact were  photographed,  and  Plates  VII  and  VIII  are  heliotypes  from 
these  photographs. 

Plate  VII  represents  the  bars  of  February  27  as  bent  by  impact. 

Plate  VIII  Ulustrates  a  few  of  the  crucial  tests  to  which  this  iron 
was  subjected. 

Figure  1  is  a  screw,  sixteen  threads  to  the  inch,  which  was  bent  to 
face  of  impact  hammer  by  a  blow  of  3,000  foot-pounds,  then  closed  under 
steam  hammer.  Fig.  2,  the  1''  bar  of  February  27,  drawn  into  an  over- 
hand knot  by  tension  with  machine  A.  Fig.  3,  the  2J"  bar,  bent  double 
cold  in  two  directions.  Figs.  1  and  3  represent  many  tests  of  the  same 
nature,  all  of  which  were  equally  successful. 

Iron  B. 

Record  of  bars  tested  by  tension,  Nos.  163  to  174,  and  316  to  352 ;  by  impact,  Nos. 
468  to  478;  of  links,  Nos.  42  to  97;  chemical  analysis.  No.  171. 

Tliree  bars  of  this  iron,  viz,  l+f",  1^'\  and  1  iVS  ^^re  furnished  as 
sample  bars  to  comi)ete  for  an  order  for  chain-iron,  with  bars  of  irons  O, 
E,  G,  H,  I,  J,  K,  and  L,  all  of  which  are  referred  to  as  the  "nine  irons"; 
by  the  result  of  the  tests,  this  iron  was  accepted  for  the  three  sizes,  the 
contractor  having  substituted  samples  of  iron  B  at  the  last  moment 
for  those  of  iron  I,  previously  furnished,  which  proved  red-short,  and 
worthless.  The  iron  B  delivered  was  about  the  same  as  the  samples, 
except  in  case  of  the  1  j\"  size,  some  of  the  links  of  which  p:reatly  re- 
sembled the  rejected  iron  I.  This  iron  showed  plainly  the  effect  upon 
quality  of  increased  reduction  by  the  rolls,  the  smaller  sizes  being  the 
most  ductile  and  welded  most  firmly.  As  cable  the  1^"  averaged  162 
per  cent.,  the  IfJ''  106J  per  cent.,  and  the  1^3^''  17GJ  per  cent,  of  bar's 
strength. 

Iron  0. 

Record  of  tests  of  bars  by  tension,  Nos.  175,  180,  353  to  409,  450  to  457;  by  impact, 
Nos.  479  to  521 ;  of  links,  Nos.  98  to  15(5 ;  chemical  analysis,  No.  172. 

Three  bars  of  this  iron,  viz,  of  1|'',  1|",  and  IJ",  were  furnished  to 
compete  with  the  "nine  irons,"  and  upon  the  results  of  the  tests  this  iron 
was  received  in  the  above  sizes.  Bars  of  li^-",  IH'S  ^^^^  ^iV  were  also 
famished,  but  the  price  being  greater  than  that  of  iron  B,  the  latter  was 
selected. 

The  tests  by  tension  and  impact  of  the  sample  bars  Nos.  IGJ,  1G3,  169, 
174,  175,  and  181  showed  great  ductility,  low  tensile  strength,  and  re- 
markable toughness,  with  great  power  to  resist  impact,  one  bar  receiv- 
ing 119  sledge-blows,  another  94,  and  all  many,  upon  ends  which  had 
been  nicked  with  a  cold-chisel,  before  they  were  broken  off. 

As  cable  the  welding  value  wa«  high,  and  the  single  links  developed 
from  178  per  cent,  to  199  per  cent,  of  the  bar's  strength,  averaging  187 
per  cent. 

These  sample'  bars  in  many  respects  resembled  iron  D,  which  is  a 
rivet  iron  made  by  the  same  mill. 

The  iron  delivered  differed  greatly  in  characteristics;  the  tensile 
strength  was  higher,  they  compaiing  as  follows: 


PoundM. 

Sample  bars 60,312  40,000  52.700 

Irondcllvered 64,400  65,880  65,400 


If 

1| 

Pounds. 
60,312 
64,400 

Pounds. 
40.000 
65,880 
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And  althoagh  generally  tongh  and  strong,  the  characteristics  of  the 
iron  delivered  showed  that  it  had  received  much  less  work  than  the 
samples,  if  of  the  same  material.  As  cable-links,  the  IJ"  developed  an 
average  of  162  per  cent.,  the  1|"  155  per  cent.,  ana  the  If  153  per  cent, 
of  the  bar's  strength,  made  up  of  very  irregular  factors,  ranging  from. 
134  to  177  per  cent.  The  ly  was  brittle  under  impact,  the  1|"  less  so, 
and  the  IJ"  generally  very  tough. 

Ieon  D. 

Record  of  tests  of  bars  by  tension,  Nos.  410  to  449,  458  to  463;  by  impact,  Nos.  522 
to  548;  links,  Nos.  157  to  177;  chemical  analyses  Nos,  132,  134,  186,  173,  174. 

Two  lots  of  this  iron,  each  consisting  of  nine  bars,  from  2''  to  Vy  were 
purchased  for  testing.  It  was  manulactured  by  the  maker  of  iron  G, 
and  wa«  a  *' rivet  iron.''  Difference  in  the  amount  of  reduction  in  the 
rolls  produced  with  this  iron  very  marked  differences  in  strength,  the 
smaller  bars  having  much  greater  tenacity  than  the  larger  ones.  All 
sizes  possessed  great  power  to  resist  impact,  except  the  2"  baa's,  which 
were  generally  very  brittle. 

^he  two  lots  differed  greatly  in  the  tensile  strength  of  the  same  sizes, 
as  shown  by  compariug:  First  lot,  IJ'',  tensile  strength^  54,687  pounds; 
2'',  51,146  pounds.  Second  lot,  IJ^",  tensile  str^n^h,  61,115  pounds; 
2'',  49,146  pounds,  a  difierence  of  11,969  pounds,  due  apparently  to  dif- 
ference in  reduction  by  the  rolls. 

It  seems  probable  that  the  second  lot,  having  been  prepared  expressly 
for  test,  received  a  great  deal  more  work  than  the  first.  This  overwork 
manifested  itself  both  in  increased  tenacity  and  in  decreased  welding 
value,  the  single  links  of  the  first  lot  developing  an  average  of  178  per 
cent,  and  the  sections  of  the  second  158  per  cent,  of  the  bar's  strength. 

The  2"  bars  of  both  lots  differed  greatly  from  all  of  the  smaller  bars, 
so  greatly  that  it  was  difficult  to  believe  that  they  were  of  the  same  iron. 
Both  were  very  brittle  under  impact,  and  when  tested  by  tension  broke 
with  almost  imperceptible  change  of  form,  showing  bright  granulous  sur- 
face of  fracture.  With  one  of  these  bars  there  was  so  slight  a  difierence 
between  the  appearances  of  the  fractures  by  tension  and  by  impact  that 
the  fragments  were  photographed,  as  shown.  (Plate  X.)  After  several 
failures  the  manufacturers  at  last  sent  us  a  2''  bar  which  corresponded 
in  its  character  with  the  smaller  sizes. 

From  this  last-named  bar  the  test-pieces  used  in  the  investigation  of 
form  of  test-pieces  Kos.  153  to  162  were  prepared,  by  which  the  tensile 
strength  was  found  to  be  about  46,500  pounds,  as  obtained  by  a  cylinder 
turned  from  the  core;  by  test  of  the  entire  bar  (No.  410,  records  of  bars) 
it  was  51,146  pounds.  This  remarkable  difierence  between  the  tenacity 
of  the  core  and  that  of  the  entire  bar  occurred  in  another  instance,  with 
Iron  Fa?,  a  very  ductile  material  too  much  worked.  This  2''  bar  of  iron 
D  withstood  heavy  impact  tests,  and  as  cable  broke  at  276,500  i)ounds, 
equal  to  172  per  cent,  of  the  bar's  strength. 

Iron  B. 

Kecord  of  tests  of  bars  by  tension,  Nos.  181  to  204,  and  476  to  498;  by  impact,  Nos. 
549  to  563;  of  links,  Nos.  17b  to  202;  chemical  analysis,  175. 

Six  bars,  viz,  1^'',  If",  IH",  H",  A",  H"j  were  furnished  to  com- 
pete with  the  nine  irons,  the  price  being  higher  than  that  of  B  and  C; 
the  latter  had  been  tested  and  bought  before  E  wa«  touched.  Upon 
test,  it  developing  fairly,  bars  of  the  intermediate  sizes  were  purchased 
to  complete  the  series  of  tests. 
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)  The  iron  was  all  of  good  quality,  moderate  tensile  strength,  tough 

under  impact,  and  made  good  cable. 

This  set  of  bars  presented  one  peculiarity:  the  IJ",  instead  of  being  of 
less  tensile  strength  than  the  1|'^  as  generally  is  the  case,  was  of  greater, 
and  three  other  bars,  of  If,  1|'',  and  1  J'',  were  bought  to  see  if  this 
unusual  feature  was  or  was  not  accidental;  the  same  result  was  repeated, 
and  led  to  inquiry  at  the  mill  for  the  cause.  We  found  that  at  this  mill 
the  pile  used  for  the  1}'^  was  of  the  same  sectional  area  as  that  for  the 
1§^^  while  at  most  mills  it  is  less.  (See  investigation  of  effect  of  rolls, 
pages  33  and  42.) 

Ibon  F. 

Record  of  tests  of  l)ars  by  tension,  Nob.  499  to  752;  by  impact,  Nob.  564  to  572;  of 
links,  Nos.  203  to  244 ;  chemical  analysis,  Nos.  131. 

This  iron  was  received  in  several  lots,  the  first  of  which  proved  to  be 
of  such  uniform  character  that  iron  F  was  selected  as  suitable  to  use  in 
various  invest gations  in  which  it  was  desirable  to  reduce  to  a  minimum 
the  chaDces  of  error  arising  from  defects  in  the  material. 

None  of  the  bars  famished  can  be  considered  as  chain-iron,  for  which 
purpose  the  manufacturers  make  a  harder  and  stronger  iron.  We  how- 
ever, tested  many  of  them  in  the  form  of  cables,  considering  that  in  the 
record  ol  such  cables  we  would  find  what  could  be  expected  of  iron  of 
very  low  tensile  strength.  Iron  F  proved  uniform  under  every  foim  of 
test,  the  tensile  strength,  elongation,  reduction  of  area,  strength  of 
links,  and  percentage  of  bar's  strength  developed  by  links,  resistance 
to  impact,  and  welding  qualities  of  any  one  lot,  furnishing  valuable  evi- 
dence as  to  what  might  be  expected  of  another. 

The  manufacturers  furnished  us  notes  as  to  the  process  of  manufaet- 
ure  of  the  third  lot  received,  similar  to  those  previously  made  by  the 
chairman  of  this  committee  during  the  manufacture  of  the  second  lot. 

The  third  lot  of  bars,  from  J"  to  4",  inclusive,  was  furnished  to  the 
Board  without  charge,  and  every  facility  was  rendered  to  us  to  enable 
us  to  study  the  eff'ect  of  different  amounts  of  reduction  from  pile  to  bar — 
the  results  of  which  experiments  are  described  in  the  "Investigation 
of  the  effect  of  the  rolls,"  the  experimental  iron  being  termed  in  our 
report  "Fa?''. 

Ibon  Fx. 

Lots  1,  2,  and  3. 

Reeord  of  tests  by  tension  of  bars.  Nos.  753  to  848 ;  by  impact,  Nos.  573  to  590 ;  of 
links,  Nos.  245  to  262;  chemical  analyses,  Nos.  169, 176,  177. 

The  bars  of  this  iron  were  rolled  from  piles  made  up  of  the  same  com- 
bination of  crude  irons  as  was  used  in  the  manufacture  of  iron  F,  but 
which  piles  were  made  to  differ  from  those  of  F  in  sectional  area. 

The  proprietors  of  the  rolling-mill  furnished  without  charge  all  of  the 
facilities  and  material  necessary  to  assist  the  committee  in  an  investiga- 
tion into  the  eff'ect  of  the  rolls,  the  object  of  the  experiments  being  the 
production  of  a  setof  bars  of  various  sizes,  the  tensile  strength  per  squai*e 
inch  of  which  should  be  uniform. 

This  result  was  accomplished  on  the  third  trial,  by  so  graduating  the 
sectional  areas  of  the  various  piles  that  the  areas  of  the  bars  rolled  from 
them  bore  uniform  ratios  to  those  of  the  piles.  (See  investigation  of  the 
effect  of  the  rolls,  page  44. 

The  resulting  bars  ha<l  received  much  more  work  than  iron  F;  they 
had  higher  tenacity,  equal  if  not  supei  ior  resilience,  but  inferior  welding 
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qualities.  The  average  tensile  strength  of  iron  F  was  51,127  poands 
(from  52,517  to  48,132);  the  averajje  tensile  strength  of  iron  Fx  was 
53,400  pounds  (from  54,644  to  52,817). 

The  percentage  of  bar  strength  developed  by  links  of  iron  F  was, 
one  lot  104  per  cent,  another  1G2.5  per  cent.;  of  iron  Fj?  it  was,  one 
lot  151  per  cent.,  another  157,8  per  cent.;  and  the  i)ercentage8  of  iron 
F  were  more  regular  than  those  of  Fx. 

Tested  by  impact,  both  varieties  resisted  extreme  shocks,  and  numl>ere 
of  the  test  pieces  manifested  the  phenomena  of  ^'barking."  (See  Plats 
IV.) 

Irons  G,  H,  I,  and  J. 

Kecord  of  bars  tested  by  tension,  Nos.  205  to  281 ;  of  links,  Nob.  263  to  277;  chemical 
analyses  of  J,  Nos.  137,  142,  143,  144,  148. 

These  bars  were  furnished  to  compete  with  the  nine  irons  for  a  con- 
tract, but  few  tests  were  made  upon  tbem.  G  and  n  both  proved  of 
good,  fibrous  material,  sufdciently  worked,  and  the  few  links  made  from 
them  were  strong ;  G,  as  single  links,  being  equal  to  174  i)er  cent.,  and  H 
to  182  per  cent,  of  the  bar's  strength. 

Iron  I  was  thoroughly  red-short,  and  it  was  impossible  to  make  links 
from  it,  they  breaking  while  being  bent. 

Six  bars  of  iron  J  were  furnished,  which  proved  to  be  of  a  kind  called 
in  the  shop  '<  rotten.''  When  tested  by  impact  with  a  sledge-hammer, 
the  bars  would  split  under  the  blows,  showing  smooth,  black  faces,  re- 
sembling charcoaL 

Iron  K, 

Record  of  tests  of  bars  by  tension,  Nos.  849  to  895;  by  impact,  Nos.  591  to  618;  of 
links,  Nos.  303  to  328;  chemical  analyses,  Nos.  130, 140,  and  141. 

Several  of  the  bars  of  this  iron  were  furnished  to  compete  with  the 
"nine  irons;"  the  remainder  were  purchased  at  different  times  for  test 
purposes. 

All  were  of  the  same  character,  which  waa  that  of  a  fine-grained, 
thoroughly  worked,  refined  bar,  of  great  tensile  strength  and  uniformity, 
showing,  when  broken  by  any  form  of  force,  fine,  bright,  silvery  fractures. 

The  bars  were  so  uniform  in  strength  that  they  were  selected  as  the 
material  fiora  which  to  make  experiments  which  depended  upon  uni- 
formity in  character  of  material  for  their  value.  Under  impact-tests  iron 
K  gave  peculiar  results;  if  the  akin  was  intact^  a  bar  of  2''  diameter 
could  be  doubled  cold  by  heavy  blows  without  showing  injury;  but  if  a 
slight  score  or  nick  was  made  in  it  this  power  was  entirely  lost. 

The  welding  properties  were  not  good;  that  is,  by  the  ordinary  proc- 
ess. With  some  of  the  links,  that  were  probably  welded  at  suitable 
heat;  the  welds  were  firm,  and  they  possessed  great  strength;  but  others 
made  from  the  same  bars  broke  at  very  low  strains.  By  reference  to 
the  records  on  page  186  it  will  be  seen  that  between  links  of  the  same 
size,  made  from  the  same  bar,  there  were  differences  in  strength  equal 
to  from  26  to  32  per  cent,  of  the  strength  of  rhe  weaker  links,  the  iron 
thus  showing  an  irregularity  in  strength  which  excluded  it  from  the  list 
of  suitable  chain-irons. 

The  character  of  the  material  was  so  opposite  to  that  of  charcoal  bloom 
boiler-iron,  each  possessing  valuable  qualities  which  were  lacking  in  the 
other,  that  it  was  resolved  to  make  some  experiments  by  mixing  the 
two,  and  the  results  showed  plainly  that,  by  such  admixture,  iron  supe- 
rior for  chain -cables  to  either  of  the  constituents  could  be  produced. 
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First  experiment — The  fragments  of  the  1§"  bar  which  had,  after  hav- 
ing been  scored,  been  broken  by  impact  of  an  800  foot-pound  blow,  were 
reheated  and  flattened,  and  piled  with  old  boiler  iron,  in  the  same  manner 
as  with  iron  A,  from  which  pile  a  bloom  was  hammered,  and  from  which 
bloom  test-bars  of  2"  and  l|"  diameter  were  swaged,  all  being  of  length 
equal  to  twelve  diameters.  Tested  by  impact,  after  having  been  scored 
by  a  cut  -^/^  deep,  the  2"  test-pieces  required  seven  and  If"  Jive  blows 
of  3,000  foot-pounds  each  to  completely  tear  them  in  two.  The  original 
bar,  which,  after  having  been  scored,  broke  with  a  blow  of  800  pounds, 
resisted  four  blows  of  3  000  pounds  each  when  unscored;  the  effect  of 
these  blows  was  to  close  it  to  an  angle  of  lOo^  from  the  horizontal,  after 
which  it  was  beaten  by  the  steam-hammer  until  the  sides  touched  the 
whole  length,  the  iron  remaining  uninjurexi.  The  tensile  strength  of  K 
was  57.000  pounds,  that  of  the  boiler  iron  50,000  pounds,  and  that  of  the 
mixture  54,000  pounds. 

A  second  experiment  was  made  with  fragments  of  the  IH''  ^^^j  which, 
with  tensile  strength  of  54,000  pounds,  broke  under  imi)act  after  having 
been  scored;  at  the  second  1,200  foot-pound  blow,  these  fragments  were 
mixed  with  old  boiler  iron,  and  four  test-pieces,  each  of  2"  diameter  and 
24"  length,  prepared;  these  resisted  from /ot*r  to  «ir  3,000  foot-pound 
blows,  tearing  in  two  finally  with  a  long  fibrous  fracture. 

A  third  experiment  was  made  with  the  fragments  of  2"  bar,  which 
were  thoroughly  reworked,  without  mixing  with  boiler-iron.  The  iron, 
which  originally  as  a  2"  bar  possessed  tensile  strength  of  50,000  pounds, 
and  was  tough  when  unscored,  brittle  when  scored,  was  not  at  all  im- 
proved by  the  reworking. 

The  manufa<5turers  of  iron  K  prepared,  under  the  instructions  of  the 
committee,  a  2"  bar,  which  was  made  by  combining  in  the  pile  the  usual 
iron  of  which  K  was  made  with  alternate  layers  of  charcoal  bloom  iron, 
five  layers  in  all,  the  center  and  outer  ones  being  of  charcoal  bloom. 
At  the  same  time  they  sent  to  us  slabs  of  the  crude  iron  K,  which  we 
combined  with  old  boiler-iron  in  the  same  manner  as  with  iron  A,  and 
hammered  into  a  bloom,  from  which  2"  test-pieces  were  swaged;  we 
also  prepared  a  similar  test-piece  of  fragments  of  the  2"  bar  of  the  usual 
character  sent  to  us,  combined  with  boiler-iron.  All  of  these  bars  re- 
sisted extreme  tests  by  impact,  and  were  of  good  tensile  strength,  viz, 
64,000  to  55,000  pounds.  Their  record  under  impact  tests  is  given  on 
page  142. 

The  results  of  these  experiments  demonstrate  that  excellent  chain-iron 
can  be  made  by  mills  whose  ordinary  products  cannot  be  considered  as 
suitable. 

One  of  the  test -pieces  made  by  our  process  having  withstood  serpen  blows 
of  3,000  foot-pounds  each,  and  having  by  them  been  broken  about  one- 
half  through,  was  laid  aside  for  one  year,  when  it  was  retested  in  the 
presence  of  a  delegation  of  the  Mining  Engineers,  and  broke  square  in 
two  at  the  first  3,000  foot-pound  blow,  other  pieces  from  same  bar  hav- 
ing withstood  seven  and  nine  such  blows,  finally  rupturing  with  long 
splintered  fractures,  as  though  torn  in  two,  while  the  piece  which  was 
rested  broke  in  such  manner  as  to  show  that  it  had  become  very  brittle. 

Iron  L. 

Record  of  teats  of  bars  by  tension,  Nos.  2^2  to  305 ;  of  links,  Nos.  278  to  2*3;  chemical 
analyses,  Nos.  136,  138,  130,  145,  146,  184,  185. 

Five  bars  were  furnished  to  compete  with  the  nine  irons.  All  forms 
of  test  indicated  that  the  material  was  steel,  which  analyses  subsequently 
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confirmed.  The  tensile  strength  was  great;  reduction  of  area,  abrupt 
power  of  resistance  to  impact,  very  slight  when  scored,  but  fair  when 
not  scored ;  welding  value,  low ;  strength  of  links,  very  irregular. 

The  manufacturers  being  informed  that  the  material  was  unsuitable, 
furnished  two  other  bars,  one  of  f"  and  one  of  |",  both  of  which  with- 
stood impact  well  and  possessed  great  tensile  strength.  (See  experi- 
ments 1,  2,  and  3,  "  Investigation  of  the  elevation  of  limit  of  stress," 
pages  116  and  117.)  It  was  claimed  that  these  bars  made  by  the  same 
process,  but  with  less  carbon,  would  make  good  chain-iron.  We  did  not, 
however,  test  them  as  cable,  the  size  and  quantity  being  too  small  to 
enable  us  to  obtain  any  results  of  value.  Analyses  confirmed  the  state- 
ment that  the  ^"  possessed  less  carbon  than  the  other  bars,  which  ranged 
from  .212  per  cent,  to  .453  per  cent,  while  the  |''  had  .042  per  cent,  and 
the  %''  .229  per  cent. 

Iron  M. 

Record  of  bars  tested  by  tension.  Nos.  306  to  315,  and  1,047  to  1,422 ;  by  impact,  Nos. 
619  to  638 ;  of  links,  Nos.  376  to  500 ;  chemical  analyses,  129,  133, 147,  155,  157,  158, 
159,  160,  161. 

A  great  number  of  tests  were  made  upon  this  iron,  both  by  physical 
and  chemical  processes.  It  was  delivered  as  chain-iron  at  a  number  of 
different  times  and  lots.  The  bars  of  these  lots  varied  greatly  among 
themselves,  and  the  lots  differed  in  many  respects. 

The  iron  as  bars,  unheated,  had  generally  every  iudication  of  value, 
the  tensile  strength  being  great,  although  irregular,  and  the  reduction 
of  area  and  elongation  under  tension  were  good.  Some  of  the  bars  re- 
sisted impact  well;  others  broke  square  in  two  when  being  bent  cold, 
with  very  slight  closure. 

As  cable  the  iron  proved  very  defective  and  irregular.  The  trouble 
with  it  seemed  to  be  that  if  not  welded  at  exactly  the  right  heat  (a  very 
low  one)  the  part  of  the  link  upon  which  the  weld  was  made  lost  its 
strength  by  the  process,  and  in  many  cases  when  tested  the  links  would 
break  through  the  weld  at  very  low  strains,  showing  little  or  no  change 
of  form  and  the  fractured  ends  remaining  unreduced  in  diameter.  (See 
Fig.  6,  Plate  II.) 

The  strength  of  the  links  depending  thus  upon  that  of  a  section  of 
each,  which  had  been  more  or  less  weakened  according  to  the  degi'ee  of 
heat  employed  in  welding,  was  very  irregular,  and  frequently  very  low, 
ranging  as  follows : 

l\"    sections  from  123,500  to    92,000  pounds. 

If/'  sections  from  117,000  to    77,000  pounds. 

If''    sections  from  136,000  to    95,000  pounds. 

l|"    sections  from  109,000  to  140,000  pounds. 

1^"    sections  from  187,000  to  125,000  pounds. 

l|"    sections  from  225,000  to  212,000  pounds. 

l|f"  sections  from  228,000  to  210,000  pounds. 

2"      sections  from  278,000  to  255,000  pounds. 

The  weak  links  broke  generally  ''through  the  weld,"  a  form  of  rupture 
which  is  not  a  common  one,  for  in  breaking  altogether  435  links  but  116 
broke  through  the  weld,  and  of  these  79  were  of  iron  M,  of  which  124 
links  were  broken.    (See  notes  on  welding,  pages  150  and  151.) 

A  number  of  bolts  of  this  iron  cracked  while  being  bent  to  link  form, 
in  the  "link -bender." 

Supplementary  chemical  analyses,  Nos.  209  to  215,  inclusive,  were 
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made  upon  this  iron,  the  results  of  which  are  incorporated  in  the  com- 
parison of  physical  and  chemical  results.  They  fully  confirm  the  views 
expressed  and  deductions  made  from  the  preceding  tests. 

Iron  S". 

Record  of  tests  of  bars  by  tension,  Nos.  896  to  911 ;  by  impact,  Nob.  639  to  646 ;  of 
links,  NoH.  329  to  336;  chemical  analyses,  Nob.  149  and  150. 

The  bars  of  this  iron  ^eight  in  number)  were  furnished  to  the  commit- 
tee by  a  leading  manuiacturer  as  samples  of  "first-class  chain-iron,'' 
and  they  were  probably  a  fair  sample  of  the  ordinary  character  of  such 
chain-iron ;  tested  by  tension  the  strength  was  generally  high,  change 
of  form  slight. 

Under  impact  the  large  bars  were  very  brittle,  the  2''  breaking  by 
blows  when  unscored,  which  the  1|''  resisted  after  being  scored.  As 
cable  the  1|"  was  superior  to  the  2".  The  fault  with  this  iron  was  too 
little  work,  the  large  bars  receiving  much  less  than  the  small  ones. 
(See  "  Investigation  of  the  effect  of  the  rolls,"  page  39.) 

Iron  O. 

Record  of  tests  of  bars  by  tension,  Nos.  912  to  920 ;  by  impact,  Nos.  647  to  657 ;  of 
links,  Nos.  337  to  345 ;  chemical  analyses,  Nos.  153  and  154. 

Nine  bars  of  this  iron  were  procured  for  experimental  purposes,  no 
charge  being  made  for  them. 

It  is  in  no  sense  of  the  word  a  chain-iron,  and  its  merits  should  not 
be  judged  by  its  action  in  the  form  of  cable. 

The  material  was  soft  charcoal-bloom,  and  of  high  price. 

It  proved  of  value  in  our  experiments  upon  the  effect  of  the  rolls,  and 
as  furnishing  us  with  data  as  to  tbe  extreme  of  change  of  form  which 
would  occur  to  a  link  of  very  soft  iron  under  stress.  Although  too  duc- 
tile and  soft  for  chain-iron,  some  of  the  larger  sizes  produced  good  links, 
while  the  smaUer  sizes  were  overworked  for  the  purpose,  and  did  not. 

The  average  percentage  of  bar's  strength  of  the  2'',  IJ^',  and  If  links 
was  172  per  cent. ;  that  of  the  V\  1^'^  and  1  J''  was  153  per  cent. ;  the 
average  tenacity  of  the  first  three  sizes  being  48,618  pounds,  that  of  the 
last  three  53,479  pounds. 

Under  impact  this  iron  proved  remarkably  tough,  and  displayed  the 
phenomena  of  "  barking.'^    (See  Plate  XII.) 

Ieons  P  and  Px. 

Record  of  bars  testea  by  tension,  Nos.  921  to  1,046;  by  impact,  Nos.  658  to  680;  of 
links,  Nos.  346  to  375 ;  chemical  analyses,  Nos.  151, 152. 

These  irons  were  made  at  the  same  rolling-mill,  and  when  the  physical 
tests  were  made  upon  Tx  it  was  considered  to  be  of  the  same  material 
as  P,  and  the  differences  in  their  characteristics  were  attributed  to  vari- 
ations in  the  mechanical  processes  by  which  they  were  produced,  P 
having  received  one  course  of  heating  and  hammering  which  was  omit- 
ted with  Px,  Subsequent  chemical  analyses  showed  marked  differences 
in  the  nature  of  the  two  irons.  The  results  of  the  analyses  were  con- 
firmed by  a  letter  from  the  manufacturer,  in  which  he  states  that  he 
perceives  that  the  weak  point  of  previous  lots  (iron  P)  was  the  lack  of 
transverse  strength  when  scored,  and  that  he  has  in  this  lot  (Px)  over- 
come the  difBculty  without  essentiaUy  lowering  the  tensile  strength. 
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This  was  effected  by,  first,  the  selection  and  rigid  puddling  of  pig-iron, 
as  free  from  phosphorus  as  possible,  and  then  using  a  physic  which 
tended  to  eliminate  the  silicon  and  sulphur,  and  then  to  the  omission  of 
the  hammering.  The  result  of  these  experiments  by  the  manufacturer 
to  correct  the  defects  found  at  the  testing-machine,  waa  the  x>roduc- 
tion  of  a  superior  chain  iron,  which  resisted  impact  well  and  welded 
firmly.  The  appearance  of  its  fracture  by  impact  is  shown  in  Plate 
XIII,  Fig.  1,  and  when  tested  as  cable  it  developed  from  159  to  169, 
averaging  164  per  cent,  of  bar's  strength,  iron  P  having  averaged  154 
per  cent,  by  irregular  factors. 

Part  2. 

compabison  of  chemical  and  physical  results. 

Yai-iations  in  the  physical  qualities  of  iron  may  be  due  to  different 
composition,  or  to  different  treatment  in  manufacture,  or  to  both  these 
complex  causes.  In  order  to  determine  the  specific  causes  of  variation, 
one  class  of  altering  conditions  should  be  made  to  vary  largely,  while 
the  other  classes  should  be  kept  uniform.  Then  another  class  should  be 
varied,  and  so  on,  until  the  value  of  each  is  ascertained.  As  all  the 
irons  under  consideration  were  intended  to  have  that  purity  and  refine- 
ment which  was  deemed  indispensable  in  chain  cables,  their  chemical 
analyses  are  perhaps  more  important  in  proving  that  physical  variations 
result  chiefiy  from  treatment  than  in  pointing  out  the  specific  effects 
of  certain  ingredients.  While  the  subject  of  treatment,  especially  the 
increase  of  strength  by  gi*eater  reduction  in  rolling,  may  be  the  more 
important  one,  it  can  be  best  appreciated  after  we  have  familiarized  our- 
selves with  the  general  chemical  and  physical  characters  of  the  irons. 
The  typical  facts  are  given  in  the  following  tables : 


Table  I. — Bdative  values  of  irons  in  bars,  in  tenacity ^  reduction  of  area,  and  elongation, 

a,nd  in  proportian  of  .chain  to  bar. 


Order  of  value. 


1 

2 

8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


TenBile  strength. 


Iron. 


L 

K 
D2 
C2 

M 

P 

N 

Txl 

Tx 

Dl 

Fa;  3 

B 

A 

El 

£2 

J 

P 

O 
01 


Lbs.  per 
aq.  inch. 


06,508 
58.050 
56,673 
56,001 
55,932 
54,775 
54,320 
54,271 
54,001 
53, 292 
53,107 
52,764 
52,  570 
52,  533 
52,471 
51,754 
51.153 
51,134 
60,765 


Bednction  of  area. 


Iron. 


O 

A 
Tx 

F 
D  1 

P 
Fx8 
£2 
Txl 
£1 
D2 
C  1 

M 
02 

K 

B 

N 

L 

J 


Percent. 


64  2 
49.0 
48.0 
48.1 
47.8 
46.6 
46.2 
45.8 
45.3 
45.0 
43.8 
40.6 
38.2 
38.1 
38.0 
36.1 
33.0 
80.4 

2&e 


Elongation. 


Iron. 


Px 
£2 

P 

O 

A 
Fic3 

F 
F:rl 

M 
D2 

N 
Dl 
02 

K 

B 
CI 
El 

J 

L 


Percent. 


Proportion  of  tenac- 
ity of  short  chain 
to  that  of  bar. 


20.0 
87.7 
23.2 
22.7 
22.2 
22.0 
21.0 
21.8 
21.0 
20.0 
20.2 

ia2 

18.0 
17.0 
17.2 
15.4 
15.3 
12.6 
8.3 


Iron. 


B 

A 

O 
Tx 

F 

1>2 
Fa;  3 
C2 

N 

P 
Pxl 

M 

K 


Percent. 


168.2 
108.1 
1C5. 7 
1C3.0 
163. 2 
158.3 
157.  5 
156.8 
155.8 
154. 5 
151.4 
150.7 
14L6 
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Table  I.  Belative  values  of  irons  in  bars,  in  tenacity,  reduction  of 
area,  and  elongation,  and  in  proportion  of  chain  to  bar. 

Table  II.  Analyses  of  the  irons. 

Table  III.  Summary  of  principal  physical  and  chemical  characteria- 
tics  of  sixteen  irons. 

Under  the  head  of  phosphorus  the  leading  chemical  and  physical  facts 
about  each  iron  likely  to  be  affected  by  this  element  are  compared,  and 
then  the  group  of  irons  ia  considered  and  a  conclusion  is  reached;  under 
the  head  of  silicon  the  irons  are  again  gone  over  in  a  similar  manner, 
and  so  on  with  carbon  and  other  ingr^ents.  A  description  of  a  few 
irons  in  which  composition  should  have  the  greatest  influence  on  strength 
will  suffice  to  introduce  these  conclusions. 

EFFEOTS  OF  PHOSPHOBXJS. 

Iron  0.— P.  0.07,  Si.  0.07,  C.  0.04.    Slag  medium. 

Chemical  impurities,  all  very  low. 

The  iron  had  been  tnorougUy  worked. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  as  bar  and  as  link  very  high. 

Welds  very  good. 

Low  phosphorus  does  not  alone  account  for  these  qualities.  Iron  F, 
with  P.  0.20,  Si.  0.16,  and  0. 0.03,  has  about  the  same  tenacity  and  weld- 
ing power,  and  approaches  the  same  ductility.  Iron  P,  with  P.  0.25,  Si. 
0.18,  and  C.  0.033,  has  about  equal  ductility',  but  inferior  welding  quali- 
ties. Seeing  that  the  thorough  working  of  the  small  bars  decreased 
welding  power,  as  compared  with  that  of  the  less-compressed  large 
bars,  it  is  probable  that  method  of  manufacture  is  an  important  factor 
in  all  physical  results.  The  effects  of  low  phosphorus  are  not  conspicu- 
ous. 

Iron  P.— P.  0.26,  Si.  0.18,  C.  0.03.    Slag  very  low. 

P.  rather  high,  U.  medium:  other  impurities  low. 

Tenacity  high  as  bar;  irregular  as  link. 

Ductili^  high  when  not  nicked;  low  when  nicked.  Welding  value, 
medium  through  overwork,  and  possibly  high  P. 

Iron  Px.— P.  0.09,  SL  0.028,  C.  0.66. 

This  iron  had  the  highest  average  of  good  qualities  of  the  commercial 
bars  examined,  and  w^s  the  best  for  general  construction  purposes.  The 
characteristic  effects  of  phosphorus,  might,  previous  to  our  investigation 
into  the  effects  of  reduction,  have  b^n  considered  as  shown  by  the 
behavior  of  two  specimens,  one  of  iron  P  and  one  of  Px,  made  in  the 
same  way,  except  that  one  course  of  piling  and  hammering  was  omitted 
from  Px,  viz: 

V  bar  iron  P,  phos.  0.25,  tenacity  67,807  pounds,  elongation  19  per  cent. 

1^"  bar  iron  Px,  phos.  0.09,  tenacity  64,212  pounds,  elongation  24  per 
cent. 

But  this  increased  tenacity  and  decreased  ductility  of  the  smaller  bar 
are  not  due  tx)  P.  alone;  it  had  Si.  0.18  against  Si.  0.03,  and  it  had  more 
reduction  in  the  rolls. 

The  difference  in  tibe  tenacity  of  the  bars  of  the  same  sizes  of  iron  P, 
which  may  be  considered  as  probably  of  similar  composition,  was  nearly 
6,000  pounds,  while  between  the  bars  in  question,  of  P  and  Px,  it  was 
but  3,600  pounds. 

P.  may  have  affected  the  welding  qualities  and  the  ductility,  as  Px, 
with  much  less  of  this  element,  welded  much  better  and  had  greater 
powers  of  resisting  sudden  strains. 
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Iron  D.— P.  0.18  (0.12  to  0.24),  Si.  0.16,  0,  0.03.    Slag  low. 

Carbon  low ;  other  impurities  medium. 

Different  bars  very  differently  worked. 

Tenacity  high  as  bar  link. 

Ductility  medium  as  bar  and  link. 

Welds  very  good. 

There  are  various  proofs  that  low  phosphorus,  oven  with  low  silicon, 
do  not  make  high  ductility,  and  that  tiie  amount  of  reduction  is  the 
more  important  factor.    For  instance : 

1"  bar,  P.  0.24,  Si.  0.17,  has  tenacity  per  square  inch,  61,000  pounds ; 
elongation,  26  per  cent. 

1^^^  bar,  P.  0.16,  Si.  0.11,  has  tenacity  per  square  inch,  56,000  pounds ; 
elongation,  23  p^r  cent. 

2^'  bar,  P.  0.21,  SL  0.16,  has  tenacity  per  square  inch,  49,146  pounds ; 
elongation,  0.07  per  cent. 

The  welds  of  the  medium  sized  and  worked  bars  were  best,  but  all 
were  good.    'No  harmful  effect  of  phosphorus  can  be  traced  in  this  iron. 

Iron  B  welded  best,  and  had  P.  0.23  and  C.  0.015. 

Iron  P.— P.  0.20,  Si.  0.16,  C.  0.03.    Slag  low. 

Carbon  low  ^  other  impurities  medium. 

Iron  suitably  worked  for  welding,  and  very  uniform. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  high. 

Welding  power  good. 

The  remarkable  uniformity  of  this  iron  proves  it  to  have  been  made 
with  great  care  from  selected  materials.  Why  its  tenacity  is  so  low  it  is 
difficult  to  say  on  chemical  grounds.  The  same  iron,  Tz,  more  worked, 
gives  a  mediufti  tenacity,  with  substantially  the  same  analysis.  Iron  A, 
with  less  P.,  SI.,  and  C,  is  stronger.  Iron  E  has  lower  P.,  the  same  Si., 
and  only  0.02  C,  and  yet  a  higher  tenacity. 

Iron  Fx  (P  more  worked.)— P.  0.19,  Si.  0.17,  C.  0.03. 

Ingredients  substantially  the  same  as  in  P. 

Iron  much  more  worked  than  P. 

Tenacity  medium  in  link  and  bar. 

Ductility  good. 

Welding  power  below  medium. 

Iron  B.— P.  0.23,  Si.  0.16,  0.  0.015. 

P.  rather  high^  Si.  medium,  and  C.  very  low.     ' 

Iron  not  sufficiently  worked  for  strength. 

Tenacity  rather  low. 

Ductility  quite  low. 

Welds  very  good. 

Notwithstanding  the  extremely  low  C,  the  iron  was  not  ductile.  P. 
may  well  account  for  this,  but  not  for  low  tenacity,  as  some  of  iron  P 
had  more  P.  and  much  higher  tenacity.  Low  C.  may  partly  account  for 
low  tenacity  and  good  welds,  but  small  reduction  seems  to  be  an  equal 
cause.    High  P.  did  not  prevent  excellent  welding. 

Iron  M.— P.  0.22  (0.21  to  0.32),  Si.  0.18  (0.16  to  0.26),  0.  0.04,  N.  0.18 
(0.03  to  0.34),  Cu.  0.34  (0.13  to  0.43).    Slag  various. 

P.  rather  high ;  Si.  above  medium;  copper  and  nickel  high;  C.  rather 
low. 

The  amount  of  work  the  iron  received  can  only  be  inferred  firom  the 
sizes  of  the  bars. 

Tenacity  considerably  above  average. 

Ductility  average. 

Welds  weak. 
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The  character  of  thit)  iron  is  so  complex,  and  its  physical  character 
varies  so  much  in  the  same-sized  bars,  that  no  satisfactory  analysis  of 
the  data  can  be  made.  It  seems  certain, from  a  comparison  of  the  tables, 
that  neither  copper,  nickel,  cobalt,  nor  slag  materially  affected  strength. 
The  effects  of  these  ingredients  on  welding  will  be  considered  under 
another  head.* 

Ooneltuions  about  phosphorus. — ^The  best  of  these  irons  average  P.  0.09 
to  0.20.  The  extreme  limits  are  0.065  and  0.317.  A  soft  boiler-plate 
steel  might  have  the  former  amount;  the  latter  would  give  high  tenacity 
and  brittleness  to  even  a  low-carbon  steeL  The  investigations  have 
been  made  so  difficult  by  the  chemical  similarity  and  general  purity  of 
most  of  the  irons,  and  by  their  various  degrees  of  reduction  in  rolling, 
that  the  effect  of  phosphorus  cannot  be  independently  traced.  While 
si)ecial  bars  having  chemical  and  structural  conditions  otherwise  similar 
seem  to  be  increase  in  tenacity  and  brittleness  by  high  phosphorus, 
other  bars  low  in  this  element  are  not  the  mildest. 

The  phosphorus  (average  in  each  iron)  runs  very  irregularly,  as  follows, 
beginning  with  the  highest  of  the  following  physical  values:  Tenacity j 
0.72,  0.16,  0.20,  0.17,  0.22,  0.26,  0.19,  0.19,  0.09,  0.16,  0.19,  0.23,  0.18, 
0.20,  0.20,  0.07.  Beduction  of  area,  0.07,  0.18,  0.09,  0.20,  0.15,  0.25,  0.19, 
0.19,  0.20,  0.22,  0.17,  0.16,  0.23,  0.19,  0.07,  0.20.  Elongation^  0.09,  0.25, 
0.07,  0.18,  0.19,  0.20,  0.19,  0.22,  0.20,  0.19,  0.15, 0.17,  0.15, 0.23,  0.20,  0.07. 

It  may  be  generally  stated  that  phosphorus  0.10,  with  carbon  about 
<^03  and  silicon  under  0.15,  gave  the  best  chain -cable  irons  of  this  group. 
One  of  the  best  irons,  however,  had  P.  0.23,  although  low  tenacity  and 
high  ductility  are  the  chief  requirements  of  such  irons. 

The  effects  of  tlie  different  constituents  on  welding  will  be  consider^ 
under  that  head. 

EFFECTS   OP   SILIOON. 

See  foregoing  descriptions  of  irons  0,  P,  7,  and  M. 

The  iron  7,  which  is  among  the  highest  in  silicon,  did  this  element 
cause  the  very  low  tenacity  despite  the  fair  amount  of  P.  (0.20)1  If  so. 
Si.  must  affect  tenacity  more  than  it  affects  ductility.  But  this  is  not 
the  fact  In  iron  J,  ductility  as  well  as  tenacity  is  reduced  very  low  by 
high  Si.  (0.27). 

Iron  J.— Si.  0.27  (0.18  to  0.32),  P.  0.20,  0.  0.35.    Slag  average. 

Silicon  high;  other  impurities  medium. 

Iron  not  overworked. 

Tenacity  very  low  in  bai*  and  link. 

Ductility  very  low  in  bar  and  link. 

Weld  rather  bad. 

There  was  no  apparent  chemical  or  physical  cause  for  this  low 
strength,  except  excessive  silicon.  Under  sledge  blows  the  bars  split 
as  often  as  they  broke  off',  and  the  faces  of  the  tlracture  were  like  layers 
of  charcoal,  although  both  carbon  and  slag  were  medium. 

Conclusions  aibout  Silicon. — ^No  ingredient  of  steel  is  less  understood 
than  this  one.  The  technical  managers  of  the  Terrenoire  Works  in 
France,  who  have  been  notably  successful  in  their  steel  manufactures 
founded  on  chemical  induction,  especially  in  the  manufacture  of  sound 

*  Cbrominm  occnrs  only  in  iron  M,  fonr  analyseB  of  which  show  Cr.  0.061  to  0.089. 
As  this  element  is  known  to  increase  the  tenacity  of  steel,  it  may  have  broup^ht  iron  M 
np  to  a  good  standiurd  of  tenacity  without  helping  its  other  structural  qualities.  These 
experiments  give  no  absolute  evidence  as  to  the  effects  of  chromium ,  but  it  may  be 
said  that  when  mere  tenacity  is  made  the  criterion  of  iitness,  an  iron  like  M  may  be 
found  which  wiU  meet  thAit  requirement  and  still  prove  untrustworthy  for  cables. 
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steel  castings  which  contain  a  large  amonnt  of  Si.,  believe  that  this  in- 
gredient, up  to  the  amount  contained  in  most  of  the  irons  we  are  con- 
sidering, does  not  decrease  the  tenacity  or  ductility  of  steel.  And  it  is 
true  that  good  steels  are  made  by  various  processes  with  as  much  as 
0.20  Si.  It  is  believed  by  the  Terrenoire  managers  that  silica  is  the 
cause  of  the  bad  effects  usually  attributed  to  silicon.  The  table  of  ana- 
lyses will  show  that,  in  this  case,  the  ore  has  not  been  mistaken  for  the 
metal.  The  slag,  which  contains  the  silica,  has  been  separately  deter- 
mined. Why  wrought  iron  should  differ  from  steel  in  respect  of  the 
effects  of  Si.  we  have  not  so  far  been  able  to  determine,  ii^  indeed,  it 
does  so  differ.  It  can  only  be  said,  with  reference  to  this  series  of  ex- 
periments^ that  there  is  an  apparent  decrease  of  strength  due  to  an  ex- 
cess of  this  element,  while  the  effects  of  medium  amounts  of  it  are  over- 
shadowed by  larger  causes.  The  extremes  of  Si.  were  0.028  and  0.321. 
In  the  best  irons  it  averaged  about  0.15.  It  ran  as  follows,  with  a  reg- 
ularly decreasing  order  of  value :  In  Tenacity^  0.09,  0.15,  0.15,  0.15, 0.18, 
0.18, 0.17,  O.IC,  0.03,  0.16,  0.10,  0.16,  0.14,  0.27,  0.16,  0.07.  Reduction  of 
areay  0.07,  0.14, 0.03,  0.16,  0.16,  0.18,  0.16, 0  16, 0.15,  0.18,  0.15,  0.15, 0.16, 
0.17,  0  09,  0.27.  Elongation^  0.03,  0.18,  0.07,  0.14,  0.16,  0.16,  0.16,  0.18, 
0.15,  0.17,  0:i6, 0,15,  0.15,  0.16,  0.27,  0.09. 


EFFECTS  OF  CABBON. 

• 

See  foregoing  remarks  on  iron  B,  in  which  G.  is  extremely  low. 

Iron  1 — C,  average  0.35,  highest  0.51;  P.,  0.10;  Si.,  0.10.    Slag  low. 

Carbon  very  high ;  other  impurities  quite  low. 

Tenacity  as  bar  highest. 

Ductility  as  bar  and  link  lowest. 

Welding  power  most  imperfect,  decreasing  as  C.  increases. 

The  following  table,  from  a  paper  by  William  Haekney,  esq.,»  is  val- 
uable in  this  connection,  as  showing  the  amounts  of  C.  in  various  well- 
known  brands  of  wrought  iron  and  steel : 

Percentages  of  carbon  in  some  varieties  of  iron  and  steel. 


SRBIES  OF  THE  IRONS. 


DMcriptton. 
Soft'pnddled  iron. . 
Armor  plates 


Iron  rail 

Lowmoor  boiler-plate. .... 
StafFordBhire  boiler-plate . . 

Rassian  bar-iron , 


Swedish  iron  bar 


Steely  pnddled  iron 

Iron  made  by  Catalan  pro-  K 
cess  direct  from  the  ore . .  \ 
Soft  pnddled  steel  ........ 

Paddled  steel  rail 

Hard  paddled  steel 


PflTcentftge 
of  carbon. 


trace* 

o.oiet 

0.033t 

0.044t 

0.09t 

O.lOt 

0.19t 

0.272t 

0.340t 

0.054t 

0.087t 

0.386t 

0.30  to  0.40t 

tracest 

0.420t 

0.5Ult 

0.55t 

1.380t 


SERIES  OF  THE  STEELS. 


Description. 


FeroentAge 
of  carbon. 


Extra  soft   Fagersta  Bes- 
semer steel  

Extra  soft  Dowlais  Besse- 
mer steel  

Crewe   boiler-plate   steel, 
Bessemer  process 

Locomotive   crank  •  axles,  ( 
Serain^  Bessemer  steel . .  ( 

Locomotive  crank-axle,  by 
Vickere,  Sheffield 

Rails  and  tires 

BsAsemer  spring-steel 

Crnoible  steel : 

For  masons'  tools 

For  cbippins  chisels  .... 
Crank- axle  (by  Krnpp). 

Gun  (by  Krupp) 

For  flat  files 

Forged  Indian  wootz 


0.085} 

0.1351     • 

0.22  to0.24ir 

0.3U 

0.49t 

0.46* 

0.30  to  0.50 

0.45  to0.55t 

0.6* 

l.Oot 

1.18t 
1.20* 
1.645t 


*  Bead  before  the  Institntion  of  Civil  Engineers,  London,  April.  1875. 
•A.  Willis.  t  J.  Percy.  X  A.  Greiner. 

}  D.  Forbes.  |  Snelns.  IFF.  W.  Webb. 
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Iron  L  is,  therefore,  a  so-called  paddled  steel,  or  more  properly  a  weld- 
steel.  Since  its  impurities,  other  than  C,  are  so  small,  it  is  impossible 
to  avoid  the  conclusion  that  0.  is  the  cause  of  its  marked  physical  char- 
acter.   This  is  more  plainly  shown  by  the  following : 

li'^  bar,  G.  0.45,  has  nearly  70,000  pounds  tenacity  per  square  inch, 
and  6^  i)er  cent,  elongation. 

1|^'  bar,  C.  0.51,  has  67,000  pounds  tenacity  per  square  inch,  and  6.5 
I)er  cent  elongation. 

IfJ"  and  l|f "  bars,  C.  0.21  to  0.25,  have  average  58,000  pounds  tenac- 
ity per  square  inch,  and  13  per  cent,  elongation. 

Iron  JL—C.J  0.07 ;  P.,  0.15 ;  Si.,  0.15.    Slag  low. 

C.  slightly  high }  other  impurities  medium. 

Iron  well  worked  and  very  uniform. 

Tenacity  as  bar  and  link  very  high* 

Ductility  below  medium. 

Welding  power  quite  low. 

The  ductility  was  very  fair  when  the  bar  was  not  nicked.  The  firact- 
ure  was  fine  and  silvery,  like  that  of  low  steel.  These  facts;  and  the 
medium  amounts  of  other  impurities,  point  to  G.  as  the  hardening  ele- 
ment Irons  having  similar  amounts  of  P.  and  Si.,  and  low  carbon,  like 
irons  A  and  C,  have  lower  tenacity  and  higher  ductility. 

Iron  E.— G.  0.018,  P.  018,  Si.  016. 

O.  very  low :  other  imparities  medium. 

Tenacity  below  average. 

Ductility  high. 

Welding  power  pretty  good. 

These  phenomena  seem  to  be  connected  with  low  carbon. 

Conclusions  about  carbon. — So  much  is  known  concerning  the  influ- 
ence of  G.  on  both  wrought  iron  and  steel,  that  there  is  little  danger  of 
falling  into  error  about  it.  The  irons  under  consideration  have  G.  almost 
exclusively  low  and  pretty  uniform;  the  exceptional  cases  give  very 
marked  physical  results,  especially  iron  L,  which  is  the  only  .one  really 
high  in  C.  The  other  irons  ranged  between  0.015  and  0.07.  Garbou 
ran  with  the  following  decreasing  onler  of  value:  In  Tenacity^  0.35,  0.068, 
Oi)32,  0.042,  0.044,  0.033,  0.055,  0.032,  0.066,  0.032,  0.032,  0.015,  0.002, 
Oj036,  0.026,  0.043.  Reduction  of  area^  0.043,  0.002,  0.066,  0.026,  0.032, 
0.033,  0.032,  0.032,  0.032,  0.044,  0.042,  0.068,  0.015,  0.055,  0.35,  0.036. 
Elomgation,  0.066, 0.033,  0.043, 0.002, 0.032, 0.026, 0.032, 0.044,0.032, 0.055, 
0.032,  0.042,  0.068,  0.015,  0.036,  0.35. 

It  seems  thus  easy  to  vary  the  physical  qualities  of  puddled  iron  by 
carbon;  but  whether  or  not  it  is  easy  to  uniformly  vary  the  carbon  in 
pudiled  iron,  the  checkered  history^  of  the  "  puddled-steel"  process  will 
show.  As  we  shall  observe  farther  on,  for  uses  in  which  the  value  of  an 
iroa  depends  on  the  strength  of  the  particular  kind  of  weld  given  to 
these  links,  G.  must  be  under  0,04 ;  but  for  uses  in  which  the  strength 
of  tibe  bar  is  the  measure  of  fitness,  G.  may  run  up  to  0.50  or  more. 

OTHEB  ELEMENTS. 

Manganese  is  so  very  low  in  all  these  irons  that  its  eflFects  cannot  be 
traced.  It  is  highest  in  one  lot  of  iron  D,  viz.,  0.097 ;  but  even  this 
could  have  little  effect,  in  view  of  the  fact  that  Mn.  is  often  three  times 
as  high  in  very  soft  steels,  and  sometimes  runs  above  1  per  cent,  in  low 
structural  steels.  Mn.  seems  to  toughen  steel,  and  to  make  it  cast 
sound ;  its  hardening  effect  up  to  Mn.  0.20  to  0.30  is  slight. 

Copper  is  very  low  in  all  the  irons,  except  H  (Gu.  0.31  to  0.43),  which 
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has  about  the  average  tenacity  and  ductility.  Ou.  is  next  highest  (Gu. 
0.17)  in  iron  A,  which  has  rather  low  tenacity,  but  very  high  ductility, 
on  account  of  its  low  carbon  (G.  0.02).  These  experiments  furnish  no 
evidence  that  copper  affects  strength.  Its  effect  on  welding  will  be  fur- 
ther considered. 

Nickel  was  only  high  (Si.  0.34)  in  some  of  the  bars  of  iron  K,  but  did 
not  appear  to  affect  their  strength.  That  it  may  have  helped  their  weld- 
ing capacity  us  mrther  referred  to. 

CohaU  was  so  low  (Go.  0.11  maximum)  that  its  effects  on  strength 
could  not  be  traced.  Possibly  .copper  may  have  been  neutralized  by  Ki. 
and  Go.  in  its  effect  on  strength,  but  these  data  are  not  evidence,  one 
way  or  the  other. 

ISulphur  was  extremely  low  in  all  the  irons,  S.  0.046  being  the  highest 
percentage  in  one  lot  of  iron  K.  So  little  S.  did  not  s^ect  welding 
power,  as  we  shall  observe  further  on;  and  it  could  hardly  impair 
strength,  when  irons  red-short  firom  much  S.  are  usually  strong. 

Slag. — ^This  averages  about  1  x)er  cent.  It  is  lowest  in  iron  L  (slag 
0. 38),  and  highest  in  the  2^'  bar  of  iron  H  (slag  2.26).  This  bar  had 
51,700  pounds  tenacity,  and  8.7  per  cent,  elongation,  while  the  1^'^  bar 
of  iron  H,  with  1.258  slag,  had  56,000  pounds  tenacity  and  21.7  per  cent, 
elongation.  Was  this  the  result  of  too  little  work  on  the  larger  bar,  or 
of  the  slag j)er  set  Is  the  presence  of  much  slag  merely  an  indication 
of  too  little  work,  of  a  loose  structuie  resulting  from  too  little  conden- 
sation of  the  fibers  t  Or  does  the  slag,  as  slag,  or  dirt,  exert  an  inde- 
pendent weakening  influence  t  Beferring  to  the  table  of  analyses,  we 
find: 


Iron. 

SlM. 

Slag. 

Sise. 

SUg. 

L 

In. 

1 

0.668 
0.»88 
0.102 
0.3?C 
0.308 
0.452 
0.376 

0 

In. 

!' 

2 

L006 

L 

1  0 

0.9T4 

L 

p 

0.848 

X 

p 

1.214 

L 

'  D 

0.570 

L 

D 

0.540 

X 

It  appears  that  the  smallest  and  most  worked  iron  often  has  the  most 
slag.  It  is  hence  reasonable  to  conclude  that  an  iron  may  be  dirty  and 
yet  thoroughly  condensed ;  and  it  therefore  seems  probable  that  the  1^" 
bar  of  iron  H  was  4,300  pounds  stronger  than  the  2"  bar,  partly  because 
it  had  1  per  cent,  less  slag.  The  V^  bar  of  iron  P  had  nearly  58,000 
pounds  tenacity,  while  the  1^"  bar  of  Px,  with  0.40  more  slag,  had  a 
little  less  than  53,000  pounds  tenacity.  It  is,  however,  impossible  to 
establish  any  close  conclusions  from  these  small  variations  of  slag.  The 
investigation  requires  analyses  of  irons  equally  worked,  some  of  the 
specimens  being  purposely  made  very  dirty. 

"WELDINa. 

Before  comparing  the  irons  under  this  head,  it  may  be  well  to  briefly 
consider  the  heretofore  ascertained  facts,  and  the  speculations  which 
grow  out  of  them.  The  generally  received  theory  of  welding  is  that  it 
is  merely  pressing  the  molecules  of  metal  into  contact,  or  rather  into 
such  proximity  as  they  have  in  the  other  part^  of  the  bar.  Up  to  this 
point  there  can  hardly  be  any  difference  of  opinion,  but  here  uncertainty 
begins. 
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What  impairs  or  prevents  welding  t  Is  it  merely  the  interposition  of 
foreign  sabstances  between  the  molecules  of  iron  and  any  other  sub- 
stance which  will  enter  into  molecular  relations  or  vibrations  with  iront 
Is  it  merely  the  mechanical  preventing  of  contact  between  molecules,  by 
the  interposition  of  such  substances  f  This  theory  is  based  on  such  facts 
as  the  foUowing:  1.  Not  only  iron,  but  steel,  has  been  so  perfectly  united 
that  the  seam  could  not  be  discovered,  and  that  the  strength  was  as 
great  as  it  was  at  any  point,  by  accurately  planing  and  thoroughly 
smoothing  and  cleaning  the  surfaces,  binding  the  two  pieces  together, 
subjecting  them  to  a  welding  heat,  and  pressing  them  together  b^'  a 
verj*^  few  hammer-blows.  But  when  a  thin  film  of  oxide  of  iron  was 
placed  between  similar  smooth  surfaces,  a  weld  could  not  be  effected. 

2.  Heterogeneous  steel-scrap,  having  a  much  larger  variation  in  com- 
position than  these  irons  have,  when  placed  in  a  box  composed  of 
wrought-iron  side  and  end  pieces  laid  together,  is,  (on  a  commercial 
scale)  heated  to  the  high  temperature  which  the  wroaglit  iron  will  stand, 
and  then  rolled  into  bars  which  are  more  homogeneous  than  ordinary 
wrought  iron,  the  wrought-iron  box  so  settles  together  as  the  heat  in 
creases  that  it  nearly  excludes  the  oxidizing  atmosphere  of  the  furnace, 
and  no  film  of  oxide  of  iron  is  interposed  between  the  surfaces.  At  the 
same  time  the  inclosed  and  more  fusible  steel  is  partially  melted,  so  that 
the  impurities  are  partly  forced  out  and  partly  diffused  throughout  the 
mass  by  the  rolling. 

The  other  theory  is  that  the  molecular  motions  of  the  iron  are  changed 
by  the  presence  of  certain  impurities,  such  as  copper  and  carbon,  in 
such  a  manner  that  welding  cannot  occur  or  is  greatly  impaired.  In 
favor  of  this  theory  it  may  be  claimed  that,  say,  2  per  cent,  of  copper 
will  almost  prevent  a  weld,  while,  if  the  interposition  theory  were  true, 
this  copper  could  only  weaken  the  weld  2  per  cent.,  as  it  could  only  cover 
2  per  cent,  of  the  surfaces  of  the  molecules  to  be  united.  It  is  also 
stated  that  1  per  cent,  of  carbon  greatly  impairs  welding  power,  while 
the  mere  interposition  of  carbon  should  only  reduce  it  1  per  cent. 

On  the  othex  hand,  it  may  be  claimed  that  in  the  perfect  welding  dae 
to  the  fusion  of  cast  iron,  the  interposition  of  10  or  even  20  per  cent,  of 
impurities,  such  as  carbon,  silicon,  and  copper,  does  not  affect  the 
strength  of  the  mass  as  much  as  1  or  2  per  cent,  of  carbon  or  copper 
affects  the  strength  of  a  weld  made  at  a  plastic  instead  of  a  fluid  heat. 
It  is  also  true  that  high  tool-steel,  containing  IJ  per  cent,  of  carbon,  is 
much  stronger  throughout  its  mass,  all  of  which  has  been  welded  by 
fusion,  than  it  would  be  if  it  had  less  carbon.  Hence,  copper  and  car- 
bon cannot  impair  the  welding  power  of  iron  in  any  greater  degree 
than  by  their  interposition,  provided  the  welding  has  the  benefit  of 
that  perfect  mobility  which  is  due  to  fusion.  The  similar  effect  of  par- 
tial fusion  of  steel  in  a  wrought-iron  box  has  already  been  mentioned. 
The  inference  is  that  imperfect  weldixig  is  not  the  result  of  a  change  in 
molecular  motions,  due  to  impurities,  but  of  imperfect  mobility  of  the 
mass — of  not  giving  the  molecules  a  chance  to  get  together. 

Should  it  be  suggested  that  the  temperature  of  fusion,  as  compared 
with  that  of  plasticity,  may  so  change  chemical  affinities  as  to  account 
for  the  different  degrees  of  welding  power,  it  may  be  answered  that  the 
temperature  of  fusion  in  one  kind  of  iron  is  lower  than  that  of  plas- 
ticity in  another,  and  that  as  the  welding  and  melting  points  of  iron 
are  largely  due  to  the  carbon  the^^  contain,  such  an  impiirity  as  copper, 
for  instance,  ought,  on  this  theory,  to  impair  welding  in  some  cases  and 
not  to  affect  it  in  others.    This  will  be  further  referred  to. 
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The  next  inference  would  be  that  by  increasing  temperatore  we  chiefly 
improve  the  qnality  of  welding.  If  temperatnre  is  increased  to  fusion, 
welding  is  practically  perfect:  if  to  plasticity  and  mobility  of  sorfaces^ 
welding  should  be  nearly  perfect. 

Then  how  does  it  sometimes  occar  that  the  more  irons  are  heated  the 
'  worse  they  weldt 

1.  Not  by  reason  of  mere  temperature ;  for  a  heat  almost  to  dissocia- 
tion will  fuse  wrought  iron  into  a  homogeneous  mass. 

2.  Probably  by  reason  of  oxidation,  which,  in  a  smith's  fire  especially, 
necessarily  increases  as  the  temperature  increases.  Even  in  a  gas-fur- 
nace, a  very  hot  flame  is  usually  an  oxidizing  flame.  The  oxide  of  iron 
forms  a  dividing  fllm  between  the  surfaces  to  be  joined ;  while  the  slight 
interposition  of  the  same  oxide,  when  diffused  throughout  the  mass  by 
fusion  or  partial  fusion,  hardly  affects  welding.  It  is  true  that  the  con- 
tained slag,  or  the  artificial  nux,  become  more  fluid  as  the  temx>erature 
rises,  and  thus  tend  to  wash  away  the  oxide  from  the  surfaces ;  but 
inasmuch  as  any  iron,  with  any  welding  flux,  can  be  oxidized  till  it  scin- 
tillates, the  value  of  a  high  heat  in  liquefying  the  slag  is  more  than  bal- 
anced by  its  damage  in  burning  the  iron. 

3.  But  it  still  remains  to  be  explained  why  some  irons  weld  at  a  higher 
temperature  than  others — ^notably,  why  irons  high  in  carbon  or  in  some 
other  impurities  can  only  be  welded  soundly  by  ordinary  processes  at 
low  heats.  It  can  only  be  said  that  these  impurities,  as  far  as  we  are 
aware,  increase  the  fusibility  of  iron,  and  that  in  an  oxidizing  flame  oxi- 
dation becomes  more  excessive  as  the  point  of  fusion  approaches.  Weld- 
ing demands  a  certain  condition  of  plasticity  of  surface ;  if  this  condi- 
tion is  not  reached,  welding  fails  for  want  of  contact  due  to  mobility;  if 
it  is  exceeded,  welding  fails  for  want  of  contact  due  to  excessive  oxida- 
tion. The  temperature  of  this  certain  condition  of  plasticity  varies  with 
all  the  different  compositions  of  irons.  Hence,  while  it  may  be  true  that 
heterogeneous  irons,  which  have  different  welding-iK)ints,  cannot  be 
soundly  welded  to  one  another  in  an  oxidizing  flame,  it  is  not  yet  proved, 
nor  is  it  probable,  that  homogeneous  irons  cannot  be  welded  together, 
whatever  their  composition,  even  in  an  oxidizing  flame.  A  collateral 
proof  of  this  is  that  one  smith  can  weld  irons  and  steels  which  another 
smith  cannot  weld  at  all,  by  means  of  a  skillful  selection  f»f  fluxes  and 
a  nice  variation  of  temperatures. 

To  recapitulate :  It  is  certain  that  i)erfect  welds  are  made  by  means 
of  perfect  contact  due  to  iusion,  and  that  nearly  perfect  welds  are  made 
by  means  of  such  contact  as  may  be  got  by  partial  fusion  in  a  non-oxi- 
dizing atmosphere  or  by  the  mechanical  fitting  of  surfaces,  whatever  the 
composition  of  the  iron  may  be  within  all  known  limits.  While  high 
temperature  is  thus  the  first  cause  of  that  mobility  which  promotes  weld- 
ing, it  is  also  the  cause,  in  an  oxidizing  atmosphere,  of  that  ''  burning" 
which  iivjures  both  the  weld  and  theiron.  Hence,  weldinp:  in  an  oxidizing 
atmosphere  must  be  done  at  a  heat  which  gives  a  compromise  between 
imperiect  contact  due  to  want  of  mobility  on  the  one  hand  and  imperfect 
contact  due  to  oxidation  on  the  other  hand.  This  heat  varies  with  each 
different  composition  of  irons.  It  varies  because  these  compositions 
change  the  fusing-points  of  irons,  and  hence  their  points  of  excessive 
oxidation.  Hence,  while  ingredients,  such  as  carbon,  phosphorus,  cop- 
I>er,  &c.,  positively  do  not  prevent  welding  under  fiision,  or  in  a  non- 
oxidizing  atmosphere,  it  is  probable  that  they  impair  it  in  an  oxidizing 
atmosphere,  not  directly,  but  only  by  changing  the  susceptibility  of  the 
iron  to  oxidation. 
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The  obvious  conclusioas  are :  1st.  That  any  wrought  iron,  of  whatever 
ordinary  composition,  may  be  welded  to  itself  in  an  oxidizing  atmos- 
phere at  a  certain  temperature,  which  may  differ  very  largely  from  that 
one  which  is  vaguely  known  as  a  ^'  welding  heat."  2d.  That  in  a  non- 
oxidizing  atmosphere,  heterogeneous  irons,  however  impure,  may  be^ 
soundly  welded  at  indefinitely  high  temperatures. 

These  speculations  may  throw  little  light  on  the  subject  of  welding. 
They  are  introduced  for  the  purpose  of  indicating  the  direction  of  further 
inquiry  and  experiment,  and  of  impressing  the  necessity  of  caution  in 
arriving  at  conclusions  about  these  irons  from  the  limited  data  afforded 
by  these  experiments. 

In  reviewing  the  experiments  with  reference  to  welding,  and  under  the 
precautions  mentioned,  let  us  observe: 

1st.  All  the  irons  were  so  very  low  in  sulphur  that  this  ingredient 
could  not  have  materially  affected  welding  power. 

2d.  As  we  shall  see  in  detail,  farther  on,  the  irregular  differences  in 
the  working  and  reduction  of  the  bars  which  affected  all  other  physical 
properties  affected  this  one  also. 

Let  us  first  take  the  singularly  impure  iron  K.  Its  surfaces  were 
pretty  well  united  by  welding,  but  the  iron  about  the  weld  was  weakene<l, 
especially  at  a  high  heat.  Of  124  ruptures  of  links  made  of  this  iron,  79 
were  through  the  weld,  and  the  iron  was  little  distorted.  Of  311  rup- 
tures of  links  made  of  other  irons,  but  37  were  through  the  weld. 

The  1^'^  bar  of  iron  K  presents  an  exception ;  it  stands  high  on  the 
list  in  welding  capacity,  and  contains  copper  0.31  (average  Ou.  in  iron  K 
0.34).  Its  phosphorus,  slag,  and  silicon  are  about  average.  But  the  bar 
is  also  remarkable  in  containing  nickel  0.35  and  cobalt  0.11.  Did  these 
ingredients  neutralize  the  copper  under  this  special  treatment*  Ko 
other  irons  contain  any  notable  amount  of  them,  except  iron  A,  which 
has  Co.  0.07  and  Ni.  0.08 ;  but  it  also  has  Cu.  0.17.»  The  welds  of  this 
iron  were  very  strong,  the  links  breaking  oftener  at  the  butt  than  at  the 
weld. 

Two  links  made  from  iron  K  were  analyzed  from  specimens  taken  at 
the  weld  eud  and  at  the  butt  end.  The  weld.end  had  been  reheated  and 
hammered  twice  -,  the  butt  end  had  not  been  hammered,  and  had  received 
second  heat  ^nly  by  conduction  from  the  other  end.  The  analyses  show 
that  silicon  and  slag  only  were  materially  affected  by  twice  heating  and 
hammering,  as  follows: 

Si.  Slat;. 

Iron  M,  If  bar,  weld  end 0.182  0.998 

IronM,  li"  bar,  bntt  end 0.203  1.074 

IronM,  if'  bar,  weld  end 0.177  l.a88 

Iron  M,  If "  bar,  butt  end 0.261  1.732 

In  oxodizing  to  silica  the  Si.  diffused  a  small  amount  of  flux,  which 
should  have  helped  welding  by  preventing  oxidation  or  by  carrying  off 
oxide  of  iron,  or  both  ;  but  the  amount  was  so  very  small  in  this  case 
that  its  effect  cannot  be  traced.  Nor  does  iron  J,  in  which  Si.  was  highest 
(0.18  to  0.32),  confirm  this  theory.  Athough  the  other  impurities  were  not 
high,  and  the  iron  was  not  overworked,  it  welded  rather  badly.  The 
value  of  short  chains  is  as  follows:  Best,  Si.  0.16, 0.14,  0.07, 0.03,  0.16, 
0.15,  0.17, 0.16,  0.17,  0.18,  0.16,  0.18,  0.15,  and,  including  J,  0.27. 

Phosphorus,  up  to  the  limit  of  i  per  cent.,  had  not  a  notable  effect  on 
welding.    It  was  lowest  in  iron  0,  which  welded  soundly,  but  all  im- 

*  This  iron  may  have  received  the  copper  while  being  rolled  in  a  train  ordinarily 
nsed  for  copper  at  the  navy -yard,  Washington,  D.  C,  where  it  was  mannfactored. 
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purities  were  low,  and  weldinj?  power  was  traced  to  the  reduction  of  the 
bar  by  direct  experiment.  The  same  is  true  of  iron  P.  Omitting  one 
course  of  piling  and  hammering  largely  helped  its  welding  power.  Iron 
P  welded  badly,  not  necessarily  on  account  of  its  P.  0.25  5  for  iron  B, 
with  P.  0.23,  and  iron  D,  with  P.  0.18,  welded  soundly.  Iron  K  had  high 
P.,  0.23  (0.21  to  0.32).  While  its  surfaces  stick  together  pretty  well,  the 
links  broke  through  the  weld  when  they  were  made  at  a  high  heat,  wnich 
may  be  accounted  for  by  the  fact  tliat  phosphorus  increases  fluidity,  and 
hence  capacity  for  oxidation.  The  value  of  short  chains  is  in  the  follow- 
ing order :  Best,  P.  0.23,  0.18,  0.07,  0.09,  0.20,  0.20,  0.19,  0.17,  0.19,  0.25, 
0.19,  0.22,  0.15. 

Carbon  notably  affected  welding.  It  ran  as  foUows  in  connection 
with  regularly  decreasing  welding  power:  Best,  0.  O.Olo,  0.002,  0.043, 
0.066,  0.026,  0.032,  0.032,  0.042,  0.055,  0.033,  0.032,  0.0044,  0.68,  and,  in- 
eluding  L,  0.351. 

The  weld-steel,  or  steely  iron,  L  (C.  0.035),  when  treated  by  the  uni- 
form method  usually  adopted  for  chain-cable  irons,  made  the  worst  welds. 
Iron  E,  with  carbon  so  low  as  0.07,  made  bad  welds,  although  it  was 
otherwise  a  good  average  chain-iron,  with  a  medium  amount  of  impurity. 
Carbon,  in  a  greater  degree  than  phosphorus,  promotes  fluidity,  hence 
the  iron  is  ^'  burned"  at  the  ordinary  welding  tem]>eratures  of  low-carbon 
irons. 

Slag  was  highest  (2.26  per  cent.)  in  the  2"  bar  of  iron  H,  which  welded 
less  soundly  than  any  other  bar  of  the  same  iron,  and  below  average  as 
compared  with  the  other  irons.  Slag  should  theoretically  improve  weld- 
ing, like  any  flux,  but  its  effects  in  these  experiments  could  not  be  defi- 
nitely traced. 

WHAT  IS  LEABNED  FEOM  CHEMICAL  ANALYSIS. 

So  far,  it  may  appear  that  little  of  use  to  the  makers  or  the  users  of 
wrought  iron  has  been  learned.  But  it  should  be  remembered  that  aU 
these  irons  were  intended  to  be  as  Aearly  as  possible  alike,  and  to  be 
adapted  to  the  peculiar  use  of  chain-cable.  The  makers  generally  un- 
derstood the  necessary  conditions,  and  every  effort  was  made  to  reach 
this  special  standard  of  excellence.  Had  it  been  reached,  the  irons 
would  have  ietll  been  exactly  alike  in  physical  character,  and  presumably 
similar,  although  not  necessarily  alike  in  chemical  character,  for  certain 
ingredients  may  replace  others  within  limits  which  are  perhaps  narrow. 
Certainly  the  attempt  to  make  all  the  irons  conform  to  a  well-kriown 
standard  of  quality  was  the  worst  possible  way  to  ascertain  the  distinc- 
tive effects  of  the  various  altering  ingredients.  In  order  to  make  this 
latter  determination,  one  series  of  irons  should  have  been  made  as  uni- 
form as  possible  in  all  ingredients  except  one,  for  instance  phosphorus, 
and  that  one  should  have  been  varied  as  much  as  possible.  Another 
series  should  have  been  alike  except  in  silicon,  and  so  on  through  the  list 
of  altering  ingredients.  The  series  of  tests  which  the  board  has  under- 
taken on  steels  was  devised  upon  this  principle.  It  was,  however,  thought 
best,  after  the  physical  tests  of  these  irons  were  completed,  to  subject 
them  to  analysis,  in  the  hope  that  some  good  result  would  follow.  This 
hope  has  been  realized  in  an  unexpected  and  somewhat  surprising  manner. 

Ist.  The  want  of  uniformity  in  the  chemical  composition  of  the  same 
brand  of  iron  is  a  conspicuous  defect  which  is  readily  accounted  for.  In 
iron  H  silicon  varied  from  0.16  to  0.26 ;  in  iron  J  it  varied  from  0.18  to 
0.32;  in  iron  D  phosphorus  varied  &om  0.12  to  0.24,  and  in  iron  J&om 
0.14  to  0.29. 
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Starting  with  a  uniform  pig-iron,  the  puddling  process  may  or  may  not 
remove  a  large  amount  of  silicon,  phosphorus,  and  carbon,  according  to 
the  temperature  and  agitation  of  the  bath,  the  '^  fix"  used  in  the  furnace, 
and  from  many  causes  under  the  puddler's  control,  and  dependent  on 
his  knowledge  and  skill. 

Such  variations  would  be  entirely  inadmissible  in  the  most  common 
grades  of  steel ;  in  fact,  they  could  not  occur  in  the  cheap-steel  processes, 
when  using  a  uniform  pig-iron,  except  by  a  special  effort.  In  the  Besse- 
mer process  the  completion  of  the  oxidation  of  silicon  and  carbon  is  ob- 
vious to  the  inexpert  observer ;  in  the  open-hearth  process  unmistaka- 
ble tests  are  taken  during  the  operation.  The  character  of  steel  can  be 
surely  predicated  on  the  analysis  of  its  materials ;  that  of  wrought  iron 
is  altered  by  subtile  and  unobserved  causes.  Should  it  be  urged  in 
favor  of  wrought  iron  that  P.  can  be  largely  removed  during  its  manu- 
facture, while  in  the  steel  manufacture  it  cannot  be,  it  may  be  answered 
that  there  is  an  abundance  of  pig  irons  which  do  not  contain  much  P., 
and  it  is  better  to  be  sure  of  a  definite  amount  of  a  deleterious  ingredi- 
ent than  to  run  the  risk  of  a  variable  amount. 

We  are  not  prepared  to  show  the  exact  effect  of  varying  reduction  on 
steel.  Ingots  of  the  same  grade  of  steel,  from  6"  square  to  W  square, 
are  employed  for  the  same  sized  bars;  the  larger  ones  are  preferred, 
notwithstanding  the  greater  cost  of  working  them,  not  because  small 
ingots  will  not  make  good  bars,  but  because  they  make  too  much  scrap. 
Steel  depends  comparatively  lightly  on  condensation  for  its  density,  but 
very  greatly  on  its  being  cast  from  a  fluid  state.  It  is  a  crystalline 
mass  in  both  large  and  small  ingots,  and  not  a  bundle  of  fibers  of  iron 
more  or  less  compacted. 

2d.  This  matter  of  varying  strength  due  to  varying  reduction — ^the 
most  important  developed  by  the  series  of  experiments — is  made  all  the 
more  certain  and  useful  by  the  analyses ;  for  without  a  knowledge  of 
the  composition  of  the  bars  and  of  the  specific  effects  of  different  ingre- 
dients, a  part  of  the  variation  now  traced  to  reduction  might  have  been 
attributed  to  composition.  * 

It  may  be  stated  in  general  terms  that,  notwithstanding  this  attempt 
at  uniformity,  the  differences  in  reduction  in  the  rolling-mill  from  pile 
to  bar  caused  as  much  variation  in  the  physical  qualities  of  these  irons 
as  did  the  differences  in  the  chemical  composition  of  the  whole  series  of 
irons,  excepting  the  steely  iron  L.  The  highest  difference  in  tenacity, 
due  apparently  to  varying  reductions,  is  11,969  pounds  per  square  inch. 
The  highest  difference  between  the  average  tensional  resistances  of  all 
the  irons  (excepting  the  steely  iron  L),  due  to  all  causes,  is  but  7,109 
pounds.    The  following  illustrations  are  more  in  detail: 

IBON  p. 

Ponnda 
per  tq.  in. 

Tenacity  of  1"  bar  (1.74  per  cent,  of  pile)  above  2"  (6.98  per  cent,  of  pile). . .      6» 973 
Elastic  limit  of  1"  bar  (1.74  per  cent,  of  pile)  above  2''  (6.98  per  cent,  of  pUe) .      7, 352 

mON  F.— SECOND  LOT. 

Tenacity  of  IV  bar  (2.76  per  cent,  of  pile)  over  2"  (5.23  per  cent,  of  pile) ....      4, 698 
Elastic  limit  of  If  bar  (2.76  per  cent,  of  pile)  over  2"  (5.23  per  cent  of  pile).      3, 227 

IRON  F.— -XraBD  LOT. 

Tenacity  of  i"  bar  (1.60  per  cent,  of  pile)  over  2^"  (6.13  per  cent,  of  pile)  per 
square  inch 9,656 
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POQttdB. 

Tenacity  of  |"  bar  (3.68  per  cent,  of  pile)  over  4"  (15.70  per  cent,  of  pile)  per 
square  inch. 7,786 

Elastic  limit  of  f"  bar  (3.68  per  cent,  of  pile)  over  4''  (15.70  per  cent,  of 
pile)  per  square  inch 15,045 

Tenacity  of  V*  bar  (3.14  per  cent,  of  pile)  over  A"  (15.70  per  cent  of  pile)  per 
square  inch 4,806 


IRON  K. 


k 


Tenacity  of  1^  bar  (6.62  per  cent,  of  pile)  above  2f*  (11.36  per  cent,  of  pile) 
per  square  inch • •••      4,395 


IKON  ▲. 

Tenacity  of  1"  bar  (3.14  per  cent,  of  pile)  over  ^'  (8.72  per  cent,  of  pile)  per 
square  inch •  4,519 

IRON  r>. 
Difference  in  phosphorus  in  1'' and  2'' bars,  0.026;  other  ingredients  about 

nil  left 

Tenacity  of  1"  bar  over  2"  bar 11,969 

The  following  are  comparative  results  of  composition: 

OOMPARATIVB  TBNACITT  PBR  SQUARE  INCH. 

On  iron  highest  in  average  qualities  over  the  one  lowest  in  impurities....      3,136 
Of  most  tenacious  steely  iron  (carbon  0.35)  over  least  tenacious  (carbon 
0.04) 16,464 

3d.  The  variation  of  welding  power  by  redaction,  in  a  greater  degree 
than  by  composition,  has  already  been  shown  in  detail.  Chemical  anal- 
yses were  necessary  to  establish  this  fact. 

4th.  To  the  steel-maker  and  user  it  will  apx)ear  somewhat  remarkable 
that  phosphorus  may  run  up  to  nearly  a  quarter  of  1  per  cent.,  in  good 
chain-cable  irons,  when  it  is  considered  that  low  tenacity  and  high  duc- 
tility fi>i^  the  essential  features  of  such  irons,  and  that  the  effect  of  this 
ingredient  is  to  produce  exactly  opposite  results.  Suitable  working 
probably  counterbalanced  its  eilects. 

5th.  The  comparison  of  chemical  and  physical  results  suggests  a  num- 
ber of  experiments  which  would  go  far  to  settle  vexed  questions  and 
improve  the  practice,  especially  with  regard  to  welding. 

(1.)  Eegarding  slag,  it  has  been  shown  that  a  larger  amount  is  some- 
times found  in  a  well-worked  than  in  a  less-reduc€^  iron,  and  that  its 
effects  are  uncertain.  Experiments  should  be  arranged  to  show  what 
composition  of  slags  will  readily  come  out  of  the  pile  in  rolling ;  whether 
2-high  or  3-high  trains  will  best  remove  them,  and  how  much  and  what 
kind  of  slag  affects  strength  and  welding.  A  stable  oxide  of  iron,  which 
would  probably  do  the  most  harm,  could  be  formed  by  blowing  sux)er- 
heated  steam  upon  red-hot  bars  before  piling.  It  might  be  proved  that 
very  fusible  slags,  or  fluxes,  should  be  placed  in  the  pile  to  protect  sur- 
&ces  from  oxidation  and  to  wash  away  less  fhsible  impurities. 

(2.)  It  has  already  been  suggested  that  special  irons,  having  respect- 
ively a  certain  ingredient  in  excess  and  tlie  others  low  and  uniibrm, 
should  be  made,  in  order  to  ascertain  in  a  conspicuous  manner  the 
physical  effects  of  the  various  ingredients. 

(3.)  Referring  to  a  previous  recapitulation  of  remarks  on  welding : 
The  effects  of  very  different  temperatures  on  irons  varying  in  composi- 
tiou,  as  compared  with  that  uniformly  high  temperature  usually  known 
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as  a  "welding  heat,'*  should  be  roach  more  carefully  ascertained.  And 
the  effects,  and  more  especially  the  means  of  welding  in  a  non-oxidizing 
jflame,  where  mobUity  of  surfaces  can  be  got  without. ^^  burning,"  should 
be  made  the  subject  of  elaborate  experiments.  The  excellent  welding 
of  a  heterogeneous  mass  of  steel  and  iron,  protected  from  oxidation  by 
being  plac^  in  an  iron  box  which  will  stand  a  high  heat,  has  been  re- 
ferred to.  The  system  of  gas- welding,  by  which  Mr.  Bertram  welded 
boilers,  at  Woolwich,  twenty  years  ago,  has  since  been  in  regular  use 
by  the  Butterly  Company,  in  England,  for  joining  the  members  of 
wrought-iron  beams  of  large  section.  It  should  seem  within  the  power 
of  modem  engineering  and  chemistry  to  provide  means  for  the  perfec- 
tion in  a  non-oxidizing  atmosphere  of  welds  like  those  of  ships'  cables 
and  bridge  links,  upon  which  hang  so  many  lives  and  so  much  treasure. 

GONGLTJSIONS    BERiyEB    FROM  A    OOMPABISON    OF    CHEMICAL    AND 

PHYSICAL  RESULTS. 

I.  Although  most  of  the  irons  under  consideration  are  much  alike  in 
comi)osition,  the  hardening  efiects  of  phosphorus  and  silicon  can  be 
traced,  and  that  of  carbon  is  very  obvious.  Phosphorus  up  to  0.10  x>er 
cent,  does  not  harm  and  probably  impro^^es  irons  containing  silicon  not 
above  0.15  and  carbon  not  above  0.03.  None  of  the  ingredients,  except 
carbon,  in  the  proi)ortions  present,  seem  to  very  notably  aiiect  welding 
by  ordinary  methods. 

II.  The  strength  of  wrought  iron  and  its  welding  power  by  ordinary 
methods  are  varied  more  by  the  amount  of  its  reduction  in  rolling  than 
by  its  ordinary  differences  in  composition.  Uniform  strength  may  be 
promoted  by  uniform  reduction,  but  only  at  such  increased  cost  of  man- 
ufacture that  the  practice  is  not  likely  to  obtain.  Therefore,  the  reduced 
strength  of  large  bars  made  by  ordinary  methods  should  be  considered 
in  designing  machinery  and  structures. 

III.  In  accordance  with  these  facts,  the  United  States  Test  Board  has 
shown,  by  trial,  the  unsafety  of  the  Admiralty  proof  tables  for  chain- 
cable,  and  has  prepared  new  ones,  and  also  new  tables  of  the  strength 
of  different-sized  bars.  The  Boanl  has  demonstrated  that  the  tenacity 
of  2^^  bar  for  chain  cable  should  be  between  48,000  and  52,000  pounds 
per  square  inch,  and  of  1^'  bar  between  53,000  and  57,000  pounds,  and 
that  stronger  irons  than  these  make  worse  cables  because  they  have 
low  ductmty  and  welding  power. 

lY.  Chemical  analyses,  made  in  connection  with  physical  tests,  are 
indispensable  to  conclusions  about  either  the  character  or  treatment  of 
iron.  In  this  series  of  experiments  the  demonstration  that  strength  is 
dependent  on  reduction  is  made  more  definite  and  useful  by  the  analyses. 

Y.  Analyses  also  prove  that  the  same  brand  of  wrought  iron  may  be 
heterogeneous  in  composition,  and  they  emphasize  the  previously  known 
£aict  that  wrought-iron-making  processes  as  compared  with  the  cheap 
steel  processes  necessarily  give  an  uncertain  character  to  the  former 
material,  while  to  the  latter  the  desired  quality  may  be  imparted  with 
certainty  and  uniformity. 

YI.  The  ordinary  practice  of  welding  is  capable  of  radical  improve- 
ment; the  £a/Ct  has  been  fully  demonstrated;  Uie  means  should  be  made 
the  subject  of  complete  experiments.  The  perfection  of  means  for 
welding  in  a  non-oxidizing  atmosphere  would  seem  to  be  the  promising 
direction  of  improvement. 
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In  submitting  the  foregoing  history  of  their  experiments^  and  deduc- 
tions therefrom,  the  committees  recognize  the  fact  that  much  still  re- 
mains to  be  done  before  either  of  the  investigations  can  be  considered 
complete.  But  having  exhausted  the  time  and  means  at  their  disposal, 
they  are  compelled  to  submit  the  results  as  far  as  accomplished. 

L.  A.  BEARDSLEE, 
Commander^  U.  S,  JST.,  Chairman  of  Committees  J>,  JHT,  and  M. 

Q.  A.  GILLMORB, 
Lieut.  C0I.J  Corps  of  Engineers^  Bvt  Mai.  Oen..  U.  8.  -4.., 
Chairman  of  Committee  By  Member  of  Committee  D, 

A.  L.  HOLLEY,  0.  E.,  LL.D., 
Chairman  Committee  C,  Member  of  Committee  H. 

WM.  SOOT  SMITH,  O.  E., 
Chairman  of  Committees  E  a/nd  JST,  Member  of  Committees  S  omd  M. 

DAVm  SMITH, 
Chirf  Engineer  J  U.  8.  N.j  Chairman  of  Committee  0, 

Member  of  Committees  D  and  M. 
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REPORT  OF  THE  CHEMIST  OF  THE  BOARD. 


Watebtown  Absenal,  JuTie  4, 1878. 

Sm :  I  have  the  honor  to  transmit  herewith  a  detailed  account  of  the 
methods  ased  by  me  for  the  analysis  of  the  samples  of  iron,  steel,  copper, 
and  its  various  alloys,  required  for  the  use  of  the  Board. 

Most  of  the  methods  are  well  known^  and  in  only  a  few  cases  can  I 
claim  any  originality. 

As  will  be  seen  by  the  descriptions,  my  first  object  has  been  extreme 
accuracy,  while  rapidity  and  ease  of  manipulation  have  been  considered 
only  when  entirely  consistent  with  this  prime  essential. 

The  necessity  for  this  will  be  apparent  to  any  one  who  understands 
the  ends  sought  by  the  Board ;  and  it  has  been  my  constant  endeavor 
to  keep  these  ends  fally  in  view  at  every  step. 

If  in  any  respect  I  have  failed,  the  fault  has  been  my  own,  for  the 
Board  in  no  case  denied  me  any  facility  or  convenience  necessary  for 
the  successful  prosecution  of  the  work. 

I  am,  very  respectfully,  your  obedient  servant, 

ANDREW  A.  BLAIE, 

Chemist  to  the  Board. 
Ool.  T.  T.  8.  Laidley, 

President  United  States  Board  appointed  to  test  iron^  steely  and  other 
metals. 


METHODS  USED  IK  THE  ANALYSIS  OF  IRON  AND  STEEL, 
COPPER,  AND  THE  ALLOYS  OF  COPPER,  ZINC,  AND  TIN. 
BY  ANDREW  A.  BLAIR,  CHEMIST  TO  THE  BOARD. 

IRON    AND    STEEL. 

SXTIiPHIJB. 

Weigh  10  grammes  of  borings  or  drillings,  free  from  lumps,  into  the 
previously  dned  flask  A,  Plate  1.  Close  it  with  a  rubber  stopper  fitted 
with  the  funnel  tube  a  and  a  delivery  tube.  The  small  flask  B  serves 
as  a  condenser,  and  is  fitted  with  an  inlet  tube  reaching  almost  to  the 
suiiiEtce  of  a  small  amount  of  water  in  the  bottom  of  the  flask,  a  safety 
tube,  ft,  dipping  just  below  the  surface  of  the  water  (on  the  top  of  which 
the  rubber  cap  o  is  placed  when  air  is  being  drawn  through  the  apparatus), 
and  an  exit  tube  connected  with  the  first  of  the  two  wide-mouthed  bot- 
tles D.  This  flask  stands  in  a  vessel,  C,  which  is  filled  with  ice-water 
to  cool  the  flask  when  it  becomes  heated.  The  bottles  D  are  about  h^ 
filled  with  a  dilute  solution  of  oxide  of  lead  in  potassium  hydrate.  Close 
the  stop-cock  of  the  funnel  tube,  and  pour  into  the  bulb,  which  is  of 
about  100  c.  c.  capacity,  a  mixture  of  50  c.  c.  strong  >H  CI  and  50  c.  c. 
water.  Place  the  flask  on  the  tripod,  and  connect  the  apparatus.  By 
means  of  the  stop-cock  admit  the  acid  very  gradually  into  the  flask,  so 
that  the  evolved  gas  shaU  pass  through  the  bottles  D  at  the  rate  of  about 
4  or  5  bubbles  a  second.    When  all  the  acid  has  passed  through  the 
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stop-cock,  close  it  and  jwur  into  the  bulb  a  few  c.  c.  of  water,  which  will 
serve  to  carry  down  any  small  amount  of  gas  that  may  collect  below  the 
stop-cock  during  the  subsequent  heating.  Apply  heat  very  gradually, 
keeping  the  rate  of  evolution  of  the  gas  uniform,  until  the  liquid  in  the 
flask  is  heated  to  boiling.  Boil  from  15  to  30  minutes,  then  connect  the 
aspirator  bottles  E,  open  the  stop-cock,  close  the  safety  tube  b  with  the 
cap  c,  and  remove  the  source  of  heat. 

The  apparatus  now  appears  as  in  the  cut,  Plate  1.  Draw  through  2 
or  3  liters  of  air,  disconnect  the  apparatus,  and  wash  the  precipitated 
sulphide  of  lead  in  the  bottle  D  into  a  No.  2  Griffin's  beaker.  Glean 
out  the  tube  and  bottle  with  a  small  piece  of  filter  paper,  and  add  it  to 
the  precipitate.  Collect  the  precipitate  on  a  small  filter,  wash  several 
times  with  hot  water,  and  while  still  moist  throw  the  filter  and  precipi- 
tate back  into  the  beaker,  in  which  has  been  placed  just  an  instant 
previously  some  powdered  K  01  O3  and  about  10  c.  c.  strong  H  Ci. 
Digest  it  for  a  few  minutes,  and  then  dilute  the  acid  with  about  twice 
its  bulk  of  warm  water  5  if  ne(*essary,  add  more  K  CI  Os,  and  place  the 
beaker  on  the  water  bath  until  the  liquid  is  almost' colorless.  Then, 
without  diluting,  filter  into  a  No.  1  beaker,  and  wash  the  residue  seve- 
ral times  with  hot  n  CI  and  water  (1 — 3),  and  finally  with  hot  water. 
Evaporate  the  filtrate  to  small  bulk,  add  barium  chloride,  then  a  slight 
excess  of  ammonium  hydrate,  and  acidulate  the  solution  slightly  with 
H  CI.  Boil  it  a  few  minutes,  and  place  the  beaker  on  the  water  bath 
over  night.  Filter  the  precipitated  Ba  8  O4,  wash  with  dilute  H  CI,  and 
finally  with  hot  water,  dry,  ignite  and  weigh  as  Ba  S  O4.  It  contains 
13.72  per  cent,  of  sulphur. 

The  results  obtained  by  this  method  are  always  slightly  higher  than 
those  by  the  oxidation  method.  Many  steels  which  by  the  latter  give 
no  trace,  by  the  former  give  appreciable  amounts  of  sulphur.  This 
method  requires  less  time  than  the  other,  and  duplicate  results  af  ree 
l^erfectly. 

GRAPHITE. 

To  determine  the  small  amount  of  graphite  contained  in  most  steels, 
the  residue  in  the  flask  from  the  determination  of  sulphur  may  be 
taken.  For  this  purpose  wash  it  out  into  a  beaker,  filter  on  an  asbestos 
filter,  and  wash  with  dilute  H  CI  and  hot  water.  Pour  on  a  hot  solution 
of  potassium  hydrate,  sp.  gr.  1.27,  and  wash  again  with  hot  water, 
alcohol,  and  finally  with  ether ;  transfer  the  contents  of  the  filtering 
tube  to  a  platinum  boat,  dry  at  100^  C,  and  bum  the  graphite  in  a  tube 
in  a  current  of  oxygen,  as  in  the  determination  of  total  carbon,  collect- 
ing and  weighing  "the  C  O2  in  a  potash  bulb. 

With  pig-iron  it  is  difficult  to  wash  all  the  graphite  out  of  the  flask 
without  using  a  large  amount  of  water ;  it  is  moreover  more  convenient 
to  operate  on  a  smaller  amount,  say  from  1  to  3  grammes  of  the  drillings. 
In  this  case,  weigh  the  drillings  (lumps  are  better,  as  the  graphite  has 
so  great  a  tendency  to  fly  off  and  cause  loss  when  finely  divided)  into 
a  beaker,  and  digest  with  H  CI  and  water,  equal  parts.  When  perfectly 
dissolved,  boil  the  solution  for  half  an  hour,  filter,  and  treat  the  insolu- 
ble matter  exactly  as  in  the  former  case.  This  method  for  determining 
graphite  is  not  perfectly  satisfifictory,  but  is  undoubtedly  the  best 
method  known  at  present. 

SILIOON  AND  PHOSPHOBUS. 

Treat  5  grammes  of  drillings  in  a  beaker  of  at  least  400  to  500  c.  c. 
capacity,  covered  with  a  watch  glass,  with  400  c.  c.  of  strong  H  N  O3. 


Plaiel. 
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Check  the  action  if  too  violent  by  standing  the  beaker  in  cold  water,  or 
accelerate  it  if  necessary  by  heat  and  by  adding  a  drop  or  two  of  H  CI 
from  time  to  time,  until  solution  is  complete.  Wash  and  remove  cover, 
evaporate  solution  to  dryness,  add  35  c.  c.  H  CI,  cover  and  heat  until  all 
iron  has  dissolved,  remove  cover  and  evaporate  to  dryness }  finally  heat  on 
sand  bath,  at  from  120<^  to  13(P  C,  until  all  smell  of  acid  has  disappeared. 
Allow  to  cool  gradually,  and  redissolve  in  35  c.  c.  H  CI,  and  when  solu- 
tion is  complete  add  about  50  c.  c.  water,  and  boil  for  half  an  hour,  to 
convert  any  pyrophosphate  that  may  have  been  formed  to  orthophos- 
phate.  Evaporate  off  excess  of  acid,  dilute,  filter  off  Si  Os,  wash  filter 
with  dilute  H  CI,  and  finally  with  hot  water.  Dry  and  ignite  the  filter 
containing  the  Si  O2  in  a  platinum  crucible.  Weigh  and  treat  the  residue 
with  dilute  H  Fl  and  a  drop  or  two  of  H2  S  O4,  or  better  add  water  and 
Hs  S  O4,  and  saturate  the  water  with  H  Fl  gas>  generated  from  cryolite 
and  H2  S  O4  in  a  platinum  still.  When  solution  is  complete,  evaporate 
to  dryness,  heat  until  fumes  of  S  O3  have  disappeared,  and  finally  raise 
the  crucible  for  an  instant  to  a  dull  red,  cool  and  weigh.  The  difference 
is  Bi  O2. 

In  the  case  of  pig  irons  it  is  better  to  fuse  the  ignited  residue  with 
eight  parts  of  Ka2  G  O3  and  a  little  K  N  O3,  dissolve  in  water,  acidulate 
with  H  CI,  evaporate  to  dryness,  and  heat  to  expel  all  H  CI;  redissolve 
in  n  CI  and  water,  filter,  wash  well,  dry,  ignite  and  weigh,  and  treat  with 
H  Fl  as  in  the  case  of  steel. 

This,  of  course^  gives  the  total  Si  O2,  from  which  subtract  the  Si  02in 
the  slag  (see  Estimation  of  Slag  and  Oxide  of  Iron),  and  the  difference 
is  Si  O2  which  existed  as  Si  in  the  iron  and  steel,  and  which  contains 
46.67  per  cent,  of  Si.  Dilute  the  filtrate  from  the  silica  in  a  No.  6  beaker 
to  about  400  c.  c,  add  sufficient  N  1X4  H  S  O3*  to  reduce  all  the  iron  to 
ferreous  salt,  heat  to  boiling,  neutralize  with  N  H4  H  O  (as  deoxidation 
is  not  complete  in  a  very  acid  solution),  and  when  the  solution  is  color- 
less add  about  5  c.  c.  strong  H  CI,  and  boil  off  all  smell  of  S  O2.  Cool  as 
quickly  as  possible,  and  when  thoroughly  cold  add  dilute  ammonia  until 
a  slight  permanent  green  precipitate  remains  after  stirring;  redissolve 
this  with  a  few  drops  of  acetic  acid  No.  8,  and  add  from  1  to  2  c.  c.  of  strong 
ammonium  acetate.  Dilute  to  about  750  c.  c.  with  hot  Vater,  and  if  the 
precipitate  formed  is  white  add  very  dilute  solution  of  ferric  chloride 
(containing  about  10  m.  grms.  of  Fe2  O3  to  the  c.  c.)  drop  by  drop  until 
the  precipitate  has  a  faint  reddish  tinge.  Heat  to  boiling,  and  filter 
rapidly, t  keeping  the  solution  hot,  wash  several  times  with  hot  water, 
dissolve  on  the  filter  with  H  CI,  allowing  the  solution  to  run  into  a  small 
clean  beaker,  dissolve  any  precipitate  that  adheres  to  the  large  beaker 
with  H  CI,  pour  it  through  the  filter,  and  wash  the  filter  well  with  hot 
water.  Evaporate  the  solution  almost  to  dryness,  add  enough  citric  acid 
to  keep  the  iron  in  solution  (from  2  to  3  grammes  dissolved  in  5  c.  c.  water 
is  generally  enough  unless  the  iron  precipitate  is  very  bulky),  then  mag- 
nesia mixture  and  excess  of  N  H4  H  O.  Stir  just  enough  to  mix  the  solu- 
tion, but  avoid  touching  the  sides  of  the  beaker  with  the  rod,  and  cool  in 
ice-water.  When  thoroughly  cold,  stir  well,  and  stand  aside  for  a  few 
minutes.    Then  if  the  precipitate  nas  not  begun  to  appear,  stir  until  it 

*  N  H4  H  S  Os  is  best  made  by  pasHing  washed  S  Os  (made  by  heating  copper  filings  in 
a  fiask  with  s:rong  H9  S  O4)  into  strong  aqneons  ammonia  nntil  the  white  basic  salt 
first  formed  is  redissolved,  and  the  yellow  oily  solntion  smells  strongly  of  S  Og.  Of 
this  solntion  8  c.  c.  will  deoxidize  5  grammes  iron. 

fThc  filtrate  should  come  through  perfectly  clear,  and  subsequent  cloudiness  is  of  no 
importance;  but  care  should  be  taken  that  it  does  not  come  through  cloudy,  as  some- 
times happens  when  there  is  a  small  tear  in  the  filter,  'rhis  cloudiness  may- be  mis- 
taken for  the  cloudiness  caused  by  subsequent  oxidation. 
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does,  stir  afterwards  several  times  at  intervals  of  from  10  to  15  minates, 
aud  stand  aside  overnight.  The  solution  should  not  exceed  20  or  30  c.  c. 
in  bulk.*  Filter  the  precipitated  ammoniam-magnesium-phosphate  on  a 
small  close  filter  without  attempting  to  remove  the  adhering  precipitate 
from  the  beaker,  wash  several  times  with  weak  ammonia  water,  dry  and 
ignite  in  a  platinum  crucible.  Dissolve  the  precipitate  in  the  crucible  in 
H  CI  and  water,  equal  parts,  cover  the  crucible  with  a  small  watch-glass, 
and  boil  carefully  for  alx)ut  30  minutes,  to  convert  the  pyro-  to  ortho- 
phosphate.  Pour  the  solution  back  into  the  beaker  just  used,  and  wash 
out  the  crucible  into  it.  This  will  dissolve  any  precipitate  which  may 
have  adhered  to  the  sides  of  the  beaker  previously.  Filter  into  a  small 
beaker,  wash  the  filter  well,  evaporate  to  small  bulk,  add  2  or  3  drops 
magnesia  mixture,  a  small  crystal  of  citric  acid  and  excess  of  ammonia. 
Cool,  and  precipitate  carefully  as  before,  allow  to  stand  overnight  if  the 
precipitate  is  small,  filter,  wash  with  ammonia  water,  dry,  ignite  and 
weigh  as  Mg2  P2  O7,  which  contains  phosphorus  27.93  per  cent.,  or  phos- 
phoric acid  03.96  per  cent. 

The  first  precipitate  of  Mg,  (N  H4)2  P2  Og  is  apt  to  contain  a  little  silica, 
oxide  of  iron,  and  magnesium  hydrate,  the  latter  especially  if  the  pre- 
cipitate is  large.  All  of  these  sources  of  error  are  eliminated  by  the 
ignition,  solution,  and  subsequent  filtration.  One  can  get  rid  of  the  two 
latter  by  dissolving  the  precipitate  on  the  filter,  instead  of  igniting  it ; 
but  the  silica,  being  often  in  a  gelatinous  condition,  sometimes  dissolves 
in  the  acid  and  is  carried  down  on  the  addition  of  ammonia  with  the 
precipitate  of  ammonium-magnesium-phosphate.  Ignition  is  conse- 
quently the  safer  plan. 

COPPER. 

Weigh  out  5  grammes  of  borings  into  a  beaker  of  about  750  c.  c.  ca- 
pacity, and  dissolve  in  a  mixture  of  30  c.  c.  H  CI  and  16  c.  c.  H  N  O3. 
When  solution  is  complete,  boil  for  some  minutes,t  dilute  and  filter 
through  a  ribbed  filter,  wash  well,  heat  the  filtrate  almost  to  boiling, 
add  10  c.  c.  N  H4  H  S  63,  nearly  neutralize  the  solution  with  N  H4  H  O, 
and  boil  until  colorless.  Add  5  c.  c.  H  CI.  and  pass  H2  S  through  the 
boiling  solution  until  the  precipitate  of  S,  &;c.,  agglomerates.    Filter  on 

*  To  test  the  solnbilit^  of  the  ammoninm-magnesinm-phosphate  iu  the  solution  oon- 
tainin^  citric  acid,  feme  oxide,  ammouium  chloride,  &c.,  I  made  a  number  of  experi> 
ments  m  the  following  way :  The  filtrate  from  the  first  precipitation  of  the  ammonlum- 
roagDOsiom- phosphate  was  evaporated  to  dryness  in  a  lar^e  platinum  capsule,  and 
heated  over  a  Bansen  burner,  until  the  volatile  salts  were  driven  off  and  the  separated 
carbon  partly  burned  away,  the  residue  transferred  to  a  platinum  crucible,  the  oarbon 
burned  ofi",  and  the  residue  fused  with  a  small  amount  of  sodium  carbonate.  It  was 
then  boiled  with  water,  and  the  soluble  sodium  carbonate  and  phosphate  separated  by 
filtration.  To  the  clear  filtrate  a  slight  excess  of  hydrochloric  acid  was  added,  and  the 
solution  boiled,  a  single  drop  of  solution  of  ferric  chloride  added,  and  the  ferric  oxide  and 
phosphate  precipitated  by  ammonia  and  excess  of  acetic  acid ;  the  precipitate  filtered, 
washed,  redissolved  iu  hydrochloric  acid,  and  any  phosphoric  acid  present  precipitated 
as  ammonium-magnesium-phosphat-e. 

The  results  of  these  experiments,  between  twenty  and  thirty  in  number,  and  on  sam- 
ples containing  from  .015  percent,  to  .314  per  cent,  phosphorus,  showed  that  when  the 
amount  of  ferric  oxide  thrown  down  was  so  large  that  it  required  from  six  to  eieht 
grammes  of  citric  acid  to  keep  it  in  solution,  upon  the  addition  of  ammonia,  and  when 
the  solution  measured  150  c.  c,  about  25  o.  c.  being  strong  hydrochloric  acid,  the  max- 
imum amount  of  magnesium  pyrophosphate  found  was  1.5  milligrammes,  equivalent, 
when  5  grammes  of  steel  was  used,  to  .008  per  cent,  phosphorus.  When  the  amount  of 
ferric  oxide  precipitated  was  kept  within  proper  bounds  (requiring  from  two  to  three 
grammes  of  citric  acid  to  keep  it  in  solution),  and  when  the  bulk  of  the  solution  was 
only  from  20  to  50  c.  c,  an  unweighable  trace  only  in  a  few  cases  and  usually  no  am> 
monium-magncsium-phosphate  was  found. 

tin  the  case  of  pig-irons  it  is  better  to  evaporate  the  solution  to  dryness,  for  other- 
wise the  gelatinous  silica  is  liable  to  clog  the  filter. 
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a  ribbed  filter,  wash  with 
boiling  water,  and  dry  the 
Alter  and  precipitate.  Ig- 
nite carefally  in  a  porcelain 
cracible,  and  when  the  filter 
is  perfectly  bamed  allow  it 
to  cool  and  digest  at  a  gen- 
tle heat,  in  H  N  Og,  with  a 
few  drops  of  H,  8  i\,  cov- 
ering the  crucible  with  a 
wateh-glass.  When  the  Ca  / 
S  is  perfectly  decomposed, 
remove  the  watoh-glasa,  and 
evaporate  off  the  H  N  Oj 
antil  fumes  of  8  Oa  appear. 
Cool,  dilate  a  little,  and  wash 
out  carefully  into  a  small  pla- 
tinnm  crucible.  Place  the 
cmeible  In  the  apparatus 
shown  in  cut.  Lower  the 
small  platinum  spiral  E  un- 
til it  is  jnst  clear  of  the  bot- 
tom of  the  crucible,  and  at- 
tach two  cells  to  the  bat- 
tery. In  &om  3  to  4  hours 
add  the  third  cell  (see  article 
on  Gu  bt  ingot  copper),  and 
allow  to  run  an  hour ;  then 
wash  out  the  crucible  (test- 
ing the  solution  by  Hj  8  or 
K<  Fei  Cyo),  first  with  water 
and  then  alcohol;  dry  at 
about  100  C.  for  a  few  min- 
utes, cool  and  weigh.  If  the 
precipitate  is  dark  colored,* 
it  may  be  dissolved  in  a  few 
drops  of  H  N  Oj  diluted,  and 
the  Bu  reprecipitated  as  be- 
fore, when  it  will  always  be  perfectly  bright  and  metallic  in  appearance. 
Dissolve  out  the  Cu  with  a  little  H  If  Oj,  wash  out  the  crucible  with 
water  Eiad  alcohol,  dry  and  weigh,  the  difference  being  copper.  The  ex- 
treme delicacy  and  accuracy  of  this  method  are  beyond  all  praise;  -^ 
mg.  can  be  detected  and  estimated.  This  amount  gives  a  decided  me- 
tallic stain  on  the  crucible,  and  the  most  delicate  tests  fail  to  show  any 
Cu  in  the  liquid  after  precipitation  by  the  battery,  as  above. 

MANQAITGSi:,  NICKEL,  AtTO  COBALT. 

Weigh  oat  3  grammes  of  borings  into  a  beaker  of  at  least  1000  c.  c. 
capacity,  and  dissolve  In  H  N"  O3,  adding  H  CI  if  necessary.  When 
solution  is  complete,  evaporate  to  dryness,  and  add  20  c.  c.  H  CI,  evapo- 
rate to  dryness,  and  heat  uhtil  all  acid  is  expelled,  redissolve  in  15  c.  c. 

•This  (larkcolor  is  of  no  imporl-ance,  for  I  hftvo  frequently  retJissolved  and  repre- 
dpitateil  Co  having  tliis  appearance,  and  have  never  found  a  gteatet  diffbreuce  Inan 
i\r  of  ft  mg.,  the  second  precipitate  being  perfectly  bright  and  metallic. 
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H  CI,  and  heat  on  sand-bath  abont  30  minutes.  Dilate  to  almost  400  c. 
c.  with  cold  water,  and  add  solution  of  Na^  G  O3  with  constant  stirring 
until  after  standing  some  time  a  decided  precipitate  remains.  Bedissolre 
this  precipitate  with  the  smallest  possible  amount  of  dilute  H  Gl,  added 
drop  by  drop,  with  constant  stirring,  and  add  7  grammes  sodium  acetate, 
dilute  with  hot  water  to  about  800  c.  c,  and  heat  to  boiling.  Boil  about 
^  to  §  of  an  hour,  nearly  fill  the  beaker  with  boiling  water,  and  allow  to 
stand  on  water-bath  until  precipitate  of  oxide  and  basic  acetate  of  iron 
has  settled  to  small  bulk.  Decant  off  dear  supernatant  fluid,  refill  the 
beiiker  with  boiling  water, adding  a  little  sodium  acetate,  stir  well,  and 
allow  to  settle  as  before.  Bepeat  the  decantation,  refilling  as  before, 
and  after  the  third  decantation  dissolve  the  precipitate  in  iSie  beaker  in 
H  Gl  and  a  little  K  Gl  Og,  evaporate  off  the  excess  of  acid,  and  repre- 
cipitate  the  iron  as  before. 

Wash  several  times  by  decantation  as  at  first^  evaporate  the  decanted 
liquid  to  small  bulk,  and  finally  throw  the  precipitate  on  a  large-ribbed 
filter,  allowing  the  liquid  to  run  into  the  beaker  containing  the  decanta- 
tions,  and  wash  the  precipitate  once  or  twice  with  hot  water.  The  solu- 
tion will  contain  more  or  less  oxide  of  iron  decanted  off  with  the  super- 
natant fluid,  so  that  after  evaporating  down  to  75  or  100  c.  c.  in  bulk, 
filter  on  a  small  filter  into  a  No.  3  beaker,  wash  once  or  twice,  and  stand 
the  solution  aside.  Dissolve  the  precipitate  on  the  filter  in  H  Gl,  allow- 
ing the  solution  to  run  back  into  the  first  beaker,  evaporate  off  excess 
of  acid,  dilute  to  50  c.  c.  with  cold  water,  neutralize  by  Sb^  G  O3,  and 
precipitate  by  sodium  acetate.  Boil  a  few  minutes,  and  filter  into  the 
beaker  containing  the  clear  solution.  Add  to  this  solution,  which  should 
not  exceed  150  c.  c.  in  bulk,  a  little  acetic  acid,  and  pass  a  brisk^tream 
of  H2  S  into  it  from  30  to  45  minutes,  keeping  the  solution  at  a  boil. 
Filter  and  wash  with  H2  S  water  containing  a  little  free  acetic  acid.  The 
precipitate  which  contains  the  Gu  Ni  and  Go  as  sulphides  should  be  dried 
and  ignited  in  a  porcelain  crucible.  Transfer  the  ignited  precipitate  to 
a  No.  1  beaker,  and  dissolve  it  in  H  Gl  and  a  few  drops  of  H  N  O3,  evap- 
orate to  dryness,  redissolve  in  10  or  12  drops  of  H  Gl,  dilute,  boil,  and 
precipitate  the  copper  by  H2  S,  filter,  wash  with  hot  water^nd  evapo- 
rate the  filtrate  to  dryness.  Bedissolve  in  4  or  5  drops  of  H  Gl,  dilute 
with  one  or  two  c.  c.  of  water,  and  add  excess  of  solution  of  potassium 
nitrite  slightly  acidulated  by  acetic  acid.  Stir  and  allow  to  stand  for  24 
hours,  with  occasional  stirring.  Filter  off  the  double  nitrite  of  cobalt 
and  potassium,  and  wash  with  water  containing  potassium  acetate  and 
a  little  free  acetic  acid.  Beserve  the  filtrate,  and  wash  the  precipitate, 
and  filter  free  from  potassium  acetate  with  alcohol.  Ignite  the  filter  and 
precipitate,  carefidly,  in  a  porcelain  crucible,  being  careful  not  to  raise 
the  temperature  so  high  as  to  ftise  the  precipitate;  transfer  to  a  veiy 
small  beaker,  and  digest  in  H  Gl  and  a  little  K  Gl  O3.  Evaporate  to  dry- 
ness, redissolve  in  from  3  to  4  drops  of  H  Gl,  dilute  with  cold  water, 
add  excess  of  sodium  acetate,  and  boil  from  1  to  2  hours  to  precipitate 
the  small  amount  of  Fcj  O3  and  AI2  Og  that  is  always  present.  Filter,  to 
the  filtrate  add  excess  of  N  H4  H  (J  and  N  H4  H  S,  and  heat  to  boiling. 
As  soon  as  the  precipitate  of  Go  S  has  settled,  filter,  wash  with  water 
containing  a  littleN  H4  H  S,  dry  and  ignite  the  precipitate  in  a  platinum 
crucible.  When  thoroughly  ignited,  allow  to  cool  and  digest  in  the  cru- 
cible with  H  N  Oa,  evaporate  to  dryness,  and  add  a  few  drops  of  strong 
H2  S  O4,  digest  until  the  sulphide  and  oxide  are  ^hanged  to  sulphate  of 
cobalt,  drive  oft*  excess  of  H,  S04,  and  finally  heat  to  a  dull  red  for  a 
few  moments,  cool  and  weigh  as  Co  S  O4,  which  contains  37.98  per  cent, 
of  cobalt.    Heat  the  filtrate  from  the  potassium  cobalt  double  nitrite  to 
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boiling,  and  precipitate  the  Ni  O  by  a  very  slight  excess  of  K  H  O. 
Filter  and  wash  with  hot  water.  Dissolve  the  precipitate  on  the  filter 
with  H  Gl,  allow  the  solution  to  ran  back  into  the  same  beaker,  and 
wash  the  filter  well  with  hot  water.  Evaporate  the  filtrate  to  dryness, 
redissolve  in  from  3  to  4  drops  H  Gl,  dilate  with  cold  water,  add  excess 
of  Na  O2  H3  O2,  boil  from  1  to  2  hoars,  filter  off  the  Fe^  O3  and  AI2  O3, 
heat  the  filtrate  to  boiling,  and  precipitate  the  M  8  by  Ha  8,  or  by  add- 
ing an  excess  of  N  H4  H  8  slightly  acidalating  with  G9  H4  O2,  and  pass- 
ing H2  8  through  the  boiling  solution  until  the  mixed  8  and  Ni  8  ag- 
glomerate. Filter,  wash  with  H^  8  water,  dry  and  ignite  the  precipitate. 
When  perfectly  burned^  allow  the  crucible  to  cool,  and  add  a  little  am- 
monium carbonate;  heat  carefully  to  dull  red,  cool  and  weigh  as  ^12  8 
or  Ni  O,  which  contains  78.59  per  cent.  nickeL  If  the  precipitate  of 
Co  8  is  very  small,  it  may  be  ignited  in  the  same  manner  as  the  Ni  8,  and 
weighed  as  O028  or  Co  O,  which  contains  78.61  per  cent,  cobalt. 

To  the  filtrate  from  the  precipitated  sulphides  of  copper,  nickel,  and 
cobalt,  which  contains  all  the  manganese,  add  N  H4  H  O  and  N  H4  H  8, 
and  allow  to  stand  from  12  to  24  hours.*  Filter,  wash  the  manganese 
sulphide  with  water  containing  N  H4  H  8,  dissolve  it  on  the  filter  in  hot 
dilute  H  Gl,  and  allow  the  solution  to  run  back  into  the  same  beaker. 
Wash  the  filter  well  with  hot  water,  evaporate  the  solution  to  dryness, 
redissolve  in  dilute  H  Gl,  filter,  add  excess  of  N  H4  H  O,  heat  to  boiling, 
and  boil  until  all  smell  of  NH4H  O  has  disappeared.  Filter  off  any 
ferric  oxide,  dissolve  back  into  the  same  beaker  with  H  Gl,  reprecipitate, 
boil  and  filter  as  before.  Add  the  two  filtrates  together,  boil,  and  pi^e- 
cipitate  by  solation  of  sodio-ammonic-orthophosphate,  and  slight  excess 
of  N  Hi  H  O.  Boil  until  precipitate  becomes  crystalline,  filter,  wash 
with  hot  water,  dry,  ignite,  and  weigh  as  Mn«  P3  O7,  which  contains  38.73 
per  cent,  of  manganese.  Copper  cannot  be  estimated  in  this  portion,  as 
a  part  of  it  always  remains  with  the  oxide  of  iron  precipitate,  as  basic 
acetate  of  copper. 

OHBOMIUM  AND  ALUMINIUM. 

Weigh  5  grammes  of  borings  or  drillings  into  a  flask  of  about  one-half 
litre  capacity,  and  pour  in  20  c.  c.  strong  H  Gl,  diluted  with  tiiree  or  four 
times  its  bulk  of  water.  Close  the  flask  with  a  rubber  stopper  having 
a  short  piece  of  glass  tubing  run  through  the  center,  extendiag  from 
the  small  end  of  the  stopper  toone  inch  beyond  the  large  end.  One  end 
of  a  piece  of  heavy  rubber  tubing  2  inches  long,  with  a  horizontal  slit 
in  the  middle  of  one  side,  J  inch  long,  extends  over  the  glass  tube  for 
a  distance  of  J  inch.  The  other  end  of  the  rubber  tube  is  closed  with  a 
piece  of  glass  rod.  This  simple  valve  allows  the  escape  of  gas  from  the 
flask,  but  prevents  accers  of  air,  so  that  the  iron  is  all  dissolved  as 
ferrous,  the  chromium  as  chromons,  and  the  aluminium  as  aluminium 
chloride.  Assist  the  action  of  the  dilute  acid  by  heat  if  necessary,  and 
when  the  iron  or  steel  is  entirely  dissolved  remove  the  valve,  drop  in 
a  small  lump  of  Na«  G03,  and  close  the  flask  with  a  solid  stopper.  Cool 
the  flask  and  contents  as  quickly  as  possible,  and  when  cold  dilute  the 
solution  with  cold  water  until  the  flask  is  three-fourths  full.  Add 
with  constant  agitation  a  slight  excess  of  Ba  C  O^A    Shake  the  flask 

"Bromine  may  be  used  to  precipitate  the  manffanetje  in  the  filtrate  ftom  the  sul- 
phides of  nickel,  cobalt,  and  copper,  by  adding  it  directly  to  this  solution,  and  heating 
until  the  excess  of  bromine  is  volatilized  and  the  solution  becomes  colorless.  Filter, 
wash  very  slightly  with  hot  water,  and  pi-oceed  as  with  the  precipitate  by  N  H4  H  S. 

tThe  Ba  CO3  should  be  perfectly  pure,  the  presence  of  even  a  small  amount  of  Ba 
8  O4  interfering  with  the  end  reaction.  I  prepare  my  own  by  dissolving  Ba  CI3  in 
water,  filtering,  adding  large  excess  of  N  H4  H  O,  and  passing  C  O2  into  the  solntion 
until  all  the  Ba  is  precipitated  as  Ba  C  O3,  washing  free  from  chlorides,  drying,  and 
grinding  in  water  to  the  consistency  of  cream. 
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thoroughly  several  times,  looseniug  the  stopper  to  allow  the  C^02  to  es- 
cape: cork  the  flask  tightly,  and  allow  it  to  stand  over  night.  Filter  as 
rapialy  as  possible,  rinse  oat  the  flask  several  times,  and  wash  the  pre- 
cipitate well  with  cold  water.  The  precipitate  consists  of  the  residue 
from  the  steel  or  iron  insoluble  in  dilute  H  Gl,  all  the  Or  as  Gr^  O3,  all 
the  Al  as  Alj  O3,  some  Fe^  O3,  and  the  excess  of  Ba  G  O3  added  to  the 
solution.  Dissolve  the  precipitate  on  the  filter  in  dilute  H  Gl,  clean  out 
the  flask  with  the  same  reagent,  and  allow  the  solution  to  run  into  a 
small  clean  beaker.  Wash  the  filter  with  hot  water,  allowing  it  to  ran 
into  the  same  beaker.  Boil  the  solution,  and  add  a  slight  excess  of 
dilute  Hs  S  O4 ;  allow  to  settle,  and  filter  off  the  precipitated  Ba  8  O4. 
Evaporate  the  filtrate  to  dryness  to  get  rid  of  the  excess  of  acid, 
redissolve  in  the  smallest  possible  amount  of  dilute  H  Gl,  dilute,  add 
sufiicieut  tartaric  acid  to  hold  the  iron  in  solution  when  the  liquid  is 
rendered  alkaline,  and  add  excess  of  !N^  B4  H  D.  Heat  to  boiling,  and 
add  N  H4  H  S  in  excess ;  allow  the  precipitated  Fe  S  to  settle,  filter, 
wash  with  water  containing  N  H4  H  S,  and  evaporate  the  filtrate  to 
dryness  in  a  platinum  capsule  or  large  crucible.  Heat  the  residue 
until  the  ammonium  salts  are  volatilized  and  the  G4  H«  Ob  decomposed. 
Burn  off  the  separated  carbon,  and  fuse  the  residue  with  6  parts  Na2 
G  O3  and  1  part  K  N  O3.  Dissolve  out  in  water,  transfer  to  a  beaker, 
add  a  rather  large  amount  of  K  Gl  O3,  rinse  out  crucible  with  H  Gl, 
add  it  to  the  solution,  and  then  add  a  slight  excess  of  H  Gl.  Evaporate 
to  syrupy  consistency  on  the  water-bal£,  adding  a  little  K  Gl  O3  ^m 
time  to  time  to  decompose  the  excess  of  H  Gl.  Bedissolve  in  water, 
add  an  excess  of  (N  H4)2  G  O3  to  precipitate  the  AU  Og,  and  boil  oft'  all 
smell  of  ammonia.  Filter,  wash  with  hot  water,  add  to  filtrate  an  ex- 
cess of  H  Gl,  and  after  the  greater  part  of  the  K  Gl  O3  is  decomposed, 
a  little  alcohol,  and  evaporate  the  dryness.  Bedissolve  in  H  Gl,  dilute, 
filter  from  Si  O2,  boil  the  filtrate,  and  add  an  excess  of  N  H4  H  O  to 
precipitate  the  Grs  O3.  Filter^  wash  with  the  usual  precautions,  dry, 
ignite,  and  weigh  as  Grs  O3,  which  contains  68.53  per  cent,  of  chromium. 
The  Als  O3  obtained  on  precipitating  with  (N  H4)2  G  O3,  is  usually  eon- 
taminated  by  small  amounts  of  Si  Os  and  Ga  O  (fi^om  the  G4  Hg  Oe).  To 
separate  these  impurities,  dissolve  on  the  filter  in  H  Gl,  and  allow  to  run 
into  a  small  beaker,  evaporate  to  dryness  to  render  Si  Oz  insoluble,  dis- 
solve in  H  Gl,  dilute,  filter,  and  precipitate  the  AI2  O3  by  N  H4  H  O, 
being  careful  to  boil  off  all  smell  of  N  H4  H  O.  Filter,  wash  well  with 
hot  water,  dry,  ignite,  and  weigh  as  Ala  O3,  which  contains  53.31  per 
cent,  of  aluminium. 

To  determine  chromium  alone^  dissolve  the  iron,  precipitate  by  Ba 
G  O3,  filter,  and  wash  the  precipitate  exactly  as  before.  Then  punch 
the  filter,  and  wash  the  precipitate  into  a  small  clean  beaker.  Glean 
the  flask  and  filter  with  hot  dilute  H  Gl,  and  wash  them  thoroughly  with 
hot  water,  allowing  all  the  rinsings  and  washings  to  run  into  the  beaker.* 
Add  enough  H  Gl  to  dissolve  the  soluble  part  of  the  precipitate;  dilute, 
boil,  and  precipitate  the  Gr^  O3  and  Fcj  O3  with  K"  H4  H  O.  Boil  off  all 
smell  of  ammonia,  allow  to  settle,  filter  and  wash  well  with  hot  water  to 
get  rid  of  all  Ba  Gig.  Dry  and  transfer  the  precipitate  to  a  platinum 
crucible,  carefully  separating  it  from  the  filter,  ignite  the  filter,  and  add 
the  ashes  to  the  precipitate  in  the  crucible.  Before  heating  the  precipi- 
tate, add  to  it  in  the  crucible  3  grammes  Ka^  C  O3  and  J  gramme  K  N  O3, 
and  mix  thoroughly.    Heat  gradually  to  fusion,  and  finally  raise  the 

*  If  it  is  desired  to  determine  the'cliromium  soluble  in  dilute  H  CI  alone,  or  separately 
from  that  wliich  remains  in  the  insoluble  residue,  the  filter  should  not  be  punched,  but 
the  soluble  part  of  the  precipitate  dissolved  on  the  filter  in  hot  dilute  H  CI,  and  a  sep- 
arate determination  made  of  the  Cr  in  the  insoluble  residue  (which  remains  on  the 
filter)  by  burning  the  filter  and  fusing  with  Naa  C  O3  and  K  N  63. 
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heat  until  all  the  K  If  O3  ia  decomposed.  Cool,  and  tieat  tlie  fased  mass 
witli  Lot  water;  filter  from  Fe,  Oj,  wash  well  with  hot  water,  acidulate 
the  filtrate  with  H  CI,  and  evaporate  to  dryness  with  a  little  alcohol. 
Kedissolve  in  II  01,  dilute,  filter  from  silica,  and  in  the  filtrate  precipi- 
tate the  Crj  Oj  by  S"  H(  II  O.  Filter,  wash  with  the  usual  precautious, 
dry,  ignite,  and  weigh  as  Grj  Oj,  which  contains  CS.53  per  cent,  chromium. 


Scale  .   J, 

0i23^s6rs     »     -JO  indies 

\x\M-\      I       I       I       I       I       I       I       I       1    ^ 

FilMring  tube  wd  atand  used  in  carbon  duterminationa. 
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TOTAL  CABBON. 

The  selection  of  a  method  t<>r  the  estimation  of  total  carbon  in  iron 
aod  steel  was  rather  a  difficult  prubleoi  to  solve.  The  Bggertz  color- 
test  not  being  safficieutly  accurate  for  the  purjKtaes  of  the  Board,  espe- 
cially as  there  waaso  wide  variation  iathecompositioDof  theimamples, 
(here  remaiued  only  inethotls  more  or  less  difficult  and  tedious.  Many 
of  these,  while  theoruticalty  perfect,  were  so  difficult  to  execute  practi- 
cally, that  it  seemed  worth  while  to  devote  a  little  time  to  the  investi- 
;;ation  of  various  methods,  with  the  ho{>e  of  fludiug  one  capable  of  meet- 
ing the  requirements  of  the  Board.  These  requiremeutu  lire:  extreme 
accuracy,  reaaouable  8(>cftd,  and  uo  nndue  difficulty  of  manipulation. 

The  method  finally  adopted,  and  which  I  believe  fully  meets  these  re- 
quirements, is  as  follows :  Weigh  out  3  grms.  of  borings  or  drillings, 
which  need  not  be  very  fine,  but  which  if  possible  should  contain  no 
large  lumps,  into  a  ^o.  3  Griffin's  beaker,  and  add  200  c.  c.  of  a  satu- 
rated neutral  solution  of  the  double  cbloriue  of  copper  and  amniouintu.' 
After  it  has  stood  at  the  ordinary  temperature  for  15  minutes  with 
constant  stirring,  it  may  be  placed  on  the  water- bath,  and  stirred  occa- 
sionally until  the  copper  first  precipita- 
ted is  dissolved  in  the  excess  of  double 
chloride  used.    When  the  copi)er  is  al- 
most or  entirely  dissolved,  redisaolve  by 
means  of  a  few  drops  of  H  CI  any  basic 
salt  of  iron  that  hag  separated  out,  allow 
the  carbon  to  settle,  and  filter  on  an  as- 
bestos filter.    This  filter  is  made  by  plac- 
ing asmall  plug  of  as1)estes  loosely  in  the 
B  filtering-tube  shown  in  Fig.  B.  Thisplug 
should  not  be  more  thau  ^  inch  thick, 
^  and  is  made  by  picking  apart  asbestos 

/(  which  basbeendigested  in  HGl,  washed 

'  thoroughly  with  water,  and  ignited  in  a 

tube  in  a  current  of  air  or  oxygen  at  a 
high  temperature.  The  fiber  should  not 
be  long,  as  the  carbon  may  pass  through 
the  plug;  neither  should  it  be  vei?  short, 
as  in  this  case  the  plug  will  not  bold  to- 
gether well,  and  the  solution  will  pass 
»  through  too  slowly.    After  transferring 

ft*    ,  the  carbon  to  tlie  tube,  clean  the  beaker 

*  from  any  adhering  basic  salt  with  auacid 

solution  of  the  double  chloride,  and  re- 
more  any  carlion  that  remains  with  a 
little  asbestos  in  a  pnir  of  platinnm- 
pointed  forceps,  and  wusli  the  filter  with 
warm  water  until  it  is  free  from  chlo- 
rides.   Open  out  the  boat  (Fig.  D),  and  transfer  the  asbestos  and  car- 
bon while  wet  to  it,  wiping  out  the  tube  with  asbestos  held  in  the  for- 
ceps.    Bend  the  boat  back  to  its  proper  shai)e,  and  dry  in  au  air  bath  at 

*Thi8  salt  was  fir»t  ueeil  by  Mr.  A,  8,  MtCreatb,  oLemiat  to  the  netond  gtMiIoglcal 
eiUTuy  of  FeiiusylvanU,  tiDd  is  nifule  by  ilissolviug  tof^uther  chloride  <  f  ammoQinm 
autl  uontral  chloriilo  uf  cippar  in  their  atomic  propottionH,  aud  crystal liziiig  oat  the  - 
iluuMe  Halt.  This  is  pnrifliid  liy  Rolution  and  recrystallization,  tbeo  diiwolvvd  iu  the 
smnlltst  poBsililo  aiDoimt  of  distilled  naCer,  Altered  througb  aebeatwi  into  a  clean 
liottlc,  and  dilute  N  H,  H  O  ndded  until  a  slight  permanent  precipitatti  of  cnpric 
hydrate  U  formed.     It  ie  then  ready  for  use. 
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100^  C.  The  boat  is  made  of  platiDum  foil,  cot  in  the  shape  shown  in 
Fig.  C,  and  bent  in  the  form  shown  in  Fig.  D.  Platinum  is  a  better  ma- 
terial for  the  boat  than  copper,  as  it  lasts  for  an  indefinite  number  of 
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determinations;  and  as,  unlike  copper,  it  does  not  absorb  oxygen,  there 
is  no  danger  during  the  combustion  that  a  rapid  absor^ttion  will  cause  a 
reflux  of  the  eaustio  potassa  solution  in  the  Liebig  bolh.    This  is  very 
liable  to  occur  when  cop- 
per is  used,  unless  the  op- 
eration is  watched  moat 
carefully,  and  the  current 
of  oxygen  regulated.    In- 
sert the  boat  in  the  tube 
B,  shown  in  the  plate,  and 
bum   the   carbon   in   a 
stream  of  oxygen. 

The  Rpparatus  consists 
of  a  ten-burner  gascom-  . 
bnstion  furnace,  A  (seej 
plate),  13  inches  long,  i 
through  which  runs  the  ' 
porcelain  tul>e  B.*  This 
tube  is  25iuclies  long,  and 

f  of  an  inch  in  internal  diameter.  It  jtrojects  6  inches  outaide  the  Air- 
Dace  at  each  end,  and  the  heat  is  prevented  from  reaching  the  ends  of 
the  tube  by  the  sheet-irou  screens  L,  The  tube  is  filled  for  a  length 
of  C  inches,  or  from  the  middle  of  the  tube  to  the  flxint  end  of  the  fiir- 
nace,  with  coarse  oxide  of  copper  or  loosely  fitting  coil  of  coarse  cop- 
per gauze  thoroughly  oxidized.  The  latter  is  niadtly  fitted  for  use  by 
inserting  it  in  its  proper  place  in  the  tnbe  and  beating  it  for  several 
hours  in  a  stream  of  oxygen.  A  roU  of  thin  sheet  silver  3  or  4  inches 
long,  and  wide  enough  to  make  a  roll  completely  filling  the  tube,  is 
placed  just  in  front  of  the  oxido-ofcopper  plug,  and  serves  to  hold  any 
chlorine  which  may  be  liberated  during  tbe  combustion.  The  tube  is 
fitted  at  the  forward  end  with  a  V  tube,  (r,  filled  with  Ca  Clj,  to  which  is 
attached  another  U  tube,  H,  filled  with  pumice  saturated  with  a  solu- 

'iDSicnd  of  n  porcelain  tabo  I  uowiise  onomade  of  pIatiiiiiiii,ldiiicbcBl«ngand  f 
inoh  intcninl  diauietfr,  drawn  out  at  the  forward  end  to  i  inch  diameter  for  an  addi- 
tional 6  iuclics.  It  has  a  gruand  joint  at  the  rear  end,  the  full  size  of  the  tu1ie.  The 
forward  unrt  of  the  tube  ih  filled  for  a  diBtance  of  C  laches  with  a  roll  of  fliie  platinniii 

8aTue.     The  U  tube  Q  is  filled,  half  with  pnmioe  Batorated  with  Cu  S  O4,  anil  half  with 
ne  copper  tnniiuge,  separated  from  the  pnmice  b;  a  plug  of  aabestoa.   The  U  tnbe  H 
contains  Ca  CIg. 
17  T  M 
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tion  of  Oa  S  O4,  and  heated  until  the  Cu  S  O4  becomes  anhydrous.  To 
this  tube  is  attached  the  Liebig  bulb  I,  filled  with  a  solution  of  potas- 
sium hydrate  (sp.  gr.  1.27),  and  the  drying-tube  J,  filled  partly  with 
pieces  of  K  H  O  and  partly  with  Ca  CI2.  I  and  J  constitute  the  appara- 
tus for  absorbing  the  C  O2,  and  to  the  end  of  J  is  fitted  a  small  tube,  K, 
filled  with  Ca  CI2  or  K  H  O,  to  prevent  the  absoq)tion  by  J  of  moisture 
from  the  air  during  the  progress  of  the  combustion.  By  cutting  the 
pasteboard  box  in  which  the  Liebig  bulb  usually  comes,  as  shown  in  the 
plate,  a  very  convenient  holder  for  the  absorption  apparatus  may  be 
made.  When  not  attached  to  the  combustion  tube,  the  apparatus  is 
always  fitted  with  little  rubber  caps.  They  serve  to  prevent  gain  and 
loss  of  moisture  by  the  drying  tube  and  potash  bulb  respectively,  and 
are  made  by  cutting  a  piece  of  soft  black  rubber  tubing,  and  squeezing 
one  end  until  it  is  permanently  closed  by  adhesion  of  the  cut  surfaces. 
The  necessity  for  their  use  is  shown  by  the  following  experiments: 

Change  of  weight  of  absorption  apparatus  in  very  dry  winter  weather, 
balance-room  heated  by  furnace  without  water  pan,  potash  bulb  and 
drying  tube  open  on  balance  for  15  hours,— 0.0004  grm.;  +  0.0009  grm.; 
for  three  days,— 0.0014  grm.  In  very  damp  summer  weather,  15  hours, 
+  0.0017  grm.;  +  0.0040  grm.;  for  three  days,  +  0.0150  grm.  In  very 
damp  summer  weather,  the  drying  tube  alone  open  on  balance,  in  15 
hours,  gained  0.0053  grm.;  in  the  same  time  the  potash  bulb  lost  0.0004 
grm.  These  are  only  a  few  of  a  large  number  of  experiments,  all  show- 
ing that  in  dry  weather  the  gain  by  the  drying-tube  nearly  counter- 
balances the  loss  by  the  potash  bulbs,  while  in  damp  weather  the  gain 
by  the  former  is  always  largely  in  excess  of  the  loss  by  the  latter.  'VVith 
the  rubber  tips  there  is  no  appreciable  change  of  weight  in  any  weather, 
even  after  a  lapse  of  several  days.  The  necessity  for  the  use  of  the 
safety  drying-tube  K  is  shown  by  the  following  experiments  : 

The  combustion  was  made  in  the  usual  manner,  except  that  the  porce- 
lain tube  was  empty:  consequently  there  should  be  neither  loss  nor 
gain  in  the  weight  of  absorption  apparatus.  In  very  dry  winter  weather, 
without  safety -tube,  the  rooms  being  heated  by  perfectly  dry  hot  air, 
the  weight  of  absorption  apparatus  changed  +  0.0006  grm. ;  —  0.0001 
grm.;  no  change.  In  damp  summer  weather,  +  0.0038  grm.;  +  0.0022 
grm. ;  +  0.0032  grm. ;  +  0.0035  grm.  With  the  safety- tube  K,  the  change 
is  not  appreciable. 

As  will  be  seen  by  the  plate,  the  connections  between  the  oxygen- 
holder  O  and  the  purifying  apparatus  M,  the  air  bottles  F,  &c.,  are  all  of 
glass.  I  found  by  a  large  number  of  experiments  that  rubber  tubing 
when  used  for  those  connections  gave  off  some  slight  amount  of  hydro- 
carbon gas,  which  increased  the  weight,  of  the  absorption  apparatus  in 
blank  combustions  from  0.0017  grm.  to  0.0035  grm. 

The  combustion  is  conducted  in  the  following  manner:  Wipe  off  the 
absorption  apparatus  and  place  it  on  the  balance.  Afber  it  has  been 
there  long  enough  to  have  perfectly  acquired  the  temperature  inside  the 
balance-case  (about  30  minutes),  remove  the  tips  to  equalize  the  pressure 
of  the  air  inside  and  outside  the  absorption  apparatus.  Allow  to  stand 
from  10  to  15  minutes,  and  weigh.  Insert  the  boat  in  the  tube  B, 
pushing  it  up  against  the  end  of  the  oxide-of-copper  plug  with  the  rod 
C.  Close  the  tube  tightly  with  the  cork  E,  attach  the  absorption  ap- 
paratus, test  to  see  that  it  is  all  air-tight,  open  the  pinch -cock  P,  and  close 
Q.  Start  a  slow  stream  of  oxygen  tlu>ough  the  apparatus.  Heat  the  tube 
B  carefully,  beginnin  g  at  the  forward  end,  so  as  to  heat  the  oxide-of-copper 
plug  well  before  the  boat  is  heated.    When  all  the  burners  are  lighted^ 
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which  takes  generally  from  35  to  45  minutes,  allow  them  to  barn  turned 
on  full  for  26  minutes,  the  tube  being  at  a  full  red  all  the  time.  Close 
the  valve  of  the  oxygen-holder,  put  on  the  pinch-cock  P,  take  off  Q,  and 
start  a  slow  stream  of  air  through  the  apparatus  to  drive  out  the  oxygen. 
This  is  done  by  pouring  water  into  the  upper  bottle  F,  and  allowing  it 
to  run  into  the  lower  one,  thus  forcing  the  air  through  the  apparatus. 
When  the  lower  bottle  is  full,  siphon  the  water  out.  In  this  way  the 
bottles  need  never  be  shifted. 

Lower  the  lights  together  very  gradually  to  avoid  cracking  the  tube, 
and  finally  put  them  out.  Eun  one  liter  of  air  through,  then  stop  the 
current,  detach  the  absorption  apparatus,  draw  out  the  boat  with  the 
rod  0,  and  the  apparatus  is  ready  for  another  combustion.  Weigh  the 
absorption  apparatus  with  same  precautions  used  in  the  first  weighing. 
The  difference  in  weight  is  C  O2,  which  contains  27.27  per  cent  of  carbon. 
As  may  be  seen  by  Figs.  2  and  3,  one  end  of  the  boat  is  lower  than  the 
other.  This  is  to  allow  the  rod  C  to  pass  over  the  end  of  the  boat,  the 
point  of  the  rod  being  horizontal.  By  taming  the  point  downward  it 
will  catch  inside  the  boat,  and  the  boat  can  readily  be  withdrawn.  The 
furnace,  as  shown  in  the  plate,  is  inside  a  hood,  to  avoid  heating  the 
room  too  much  when  it  is  in  use.  I  is  a  hole  in  the  glass  through  which 
to  pass  the  rod  C  in  moving  the  boat  in  and  out  of  the  tube  B.  E  is 
another  hole  in  the  glass,  to  allow  the  passage  of  the  connecting-tube  T. 

By  having  two  set-s  of  absorption  apparatus,  so  that  one  may  be 
weighed  while  the  other  is  in  use,  five  or  six  combustions  can  be  readily 
made  in  a  day.  If  care  be  used  in  heating  and  cooling  the  tube  B,  oue 
tube  will  last  for  a  large  number  of  combustions.  I  have  made  150 
Combustions  with  one,  and  it  is  still  serviceable.  If  platinum  boats  can 
be  used,  the  combustion  requires  very  little  attention,  and  interferes  but 
little  with  other  work  in  a  laboratory.* 

The  results  obtained  are  very  accurate.  In  fact,  in  duplicate  deter- 
minations the  maximum  difference  is  0.01  per  cent.  Of  a  number  of 
experiments  made,  the  following  will  serve  to  illustrate  several  points 
in  the  details.  The  results  here  given  are  only  a  few  of  the  many  ob- 
tained. The  others  are  equally  satisfactory,  but  are  not  given  because 
it  seems  hardly  necessary  to  multiply  examples. 

The  same  sample  was  treated  by  the  double  chloride  of  copper  and 
ammonium,  in  one  case  in  an  ice-cold  solution,  the  temperature  being 
maintained  at  0^  0.  during  the  entire  operation  of  the  solution  of  the 
iron,  precipitation  and  subsequent  solution  of  the  copper.  In  the  other 
case  the  operation  was  conducted  exactly  as  directed  above,  warming 
the  solution  on  water-bath,  &c.  The  solution  should  not  be  heated  above 
500(3. 


Sample  "So,  1 
Sample  No.  2 
Sample  No.  8 
Sample  No.  4 
Sample  No.  5 
Sample  No.  6 


Cold  Boln- 

tioa,  per 

cent,  car- 

bon. 

1.154 

Llfie 

0.282 

0.848 

LlOO 

0.484 

Warm  aoln- 
tion,  per 
cent,  car- 
bon. 


1.1M 
1,163 
0.246 
0.845 
1.102 
0.489 


*  The  cost  of  the  apparatus  is  very  little.  Including  the  furnace,  which  alone  costs 
$25,  the  entire  cost  (not  counting  the  hood,  which  is  not  a  part  of  the  apparatus,  nor 
the  oxygen-holder,  which  can  he  hired)  would  not  exceed  |35. 
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Comparison  of  results  obtained  by  different  methods  on  the  same  sample  of 

steel. 

Per  o«nt.  OArboa 
2f  othod  used.  obtained. 

Double  chloride  of  copper  and  ammoniam  as  solvent : 

Combustion  of  residue  in  boat  in  tube 1.156 

Combustion  of  residue  in  boat  in  tube • 1.154 

Sulphate  of  copper  as  solvent: 
Precipitated  copper  and  carbon  burned  in  tnbe  ••.•••  *«•...•••••  • 1. 100 

Steel  burned  direct  in  boat  in  tube: 

Finely  powdered • 1.140 

Coarse  powder 0.944 

Still  coarser  powder 0.822 

Woehler's  modification  of  Berzelius  chlorine  process 1. 100 

(In  the  above  determination  the  CI  was  not  perfectly  deprived  of  air, 
and  the  result  is  consequently  low.) 

Carbonaceous  residue  firom  solution  of  steel  in  double  chloride  of  copper  and 
ammonium  weighed  on  counterpoised  filter,  and  70  per  cent,  of  weight 

taken 1.155 

Ditto 1.150 

SLAG  AND  OXIDE  OP  lEON. 

Weigh  5  grms.  of  borings  free  from  lumps  into  a  "No.  2  GrilEn's 
beaker.  Stand  the  beaker,  carefully  covered  wih  a  watch-glass,  in  a 
dish  filled  with  scraped  ice  or  snow,  so  that  the  bottom,  and  sides  half- 
way up,  shall  be  in  contact  with  it.  Pour  over  the  iron  in  the  beaker 
25  c.  c.  ice-cold,  boiled  water,  and  stirifntil  all  the  air  in  the  borings  has 
escaped.  Add  gradually  28  to  30  grms.  of  resublimed  iodine,  stirring 
occasionally  until  all  the  iodine  has  dissolved.  Keep  the  beaker  con- 
stantly surrounded  by  ice,  and  add  the  iodine  slowly  enough  to  prevent 
any  rise  in  the  temperature  of  the  solution.  Allow  the  solution  to  stand 
several  hours,  with  occasional  stirring,  and  when  the  iron  is  perfectly 
dissolved  dilute  with  75-100  c.  c.  cold  boiled  water,  allow  the  insoluble 
matter  to  settle,  and  decant  the  supernatant  fluid  on  a  small  filter. 
Wash  the  insoluble  matter  several  times  by  decantation  with  cold  water. 
Then  pour  on  the  insoluble  matter  a  little  water  with  a  few  drops  of 
H  CI,  and  observe  whether  any  hydrogen  is  disengaged.  If  none  can  be 
perceived,  the  metallic  iron  may  be  considered  entirely  dissolved ;  but  if 
gas  is  given  off,  the  opposite  is  the  case.  In  either  event,  quickly  decant 
the  acidulated  water  on  the  filter,  and  if  any  metallic  iron  remains  add 
a  little  water  and  some  iodine  to  dissolve  the  iron  entirely.  When  the 
iron  is  perfectly  dissolved  transfer  the  insoluble  matter,  consisting  of 
graphite,  carbonaceous  matter,  slag,  oxide  of  iron,  and  some  silica,  to 
the  filter,  wash  the  filter  once  with  very  dilute  n  CI  (1  acid  to  20  water), 
and  finally  with  cold  water  until  the  filtrate  is  free  from  iron.  Punch 
the  filter,  and  wash  the  insoluble  matter  through  into  a  small  platinum 
or  silver  capsule.  Burn  the  filter  and  add  the  ashes  to  the  material  in 
the  capsule.  Evaporate  almost  to  dryness,  to  get  rid  of  the  water  used 
in  washing  the  insoluble  matter  into  the  capsule;  add  50  c.  c.  solution  of 
potassium  hydrate,  sp.  gr.  1.1.  Boil  15  or  20  minutes,  decant  the  liquid 
on  a  very  small  close  filter,  repeat  the  boiling  with  fresh  potassium 
hydrate,  and  finally  transfer  the  insoluble  matter  to  the  filter,  and  wash 
with  hot  water  until  the  filtrate  leaves  no  residue  on  evaporating  a  few 
drops  to  dryness.    Dry,  ignite,  and  weigh  as  slag  and  oxide  of  iron. 
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COPPER  AND  THE  ALLOYS  OF  COPPER,  ZINC,  AND  TIN. 

METHODS  USED  IN  THE  ANALYSIS  OF  INOOT  AND  SHEET  COPPER,  AND 

IN  THE  ALLOYS  OF  COPPER,  TIN,  AND  ZINC. 

Ingot  copper  osaally  contains,  besides  copper  in  tbe  metallic  state, 
copper  as  suboxide,  silver,  iron,  arsenic,  antimony,  bismuth,  lead,  zinc, 
sometimes  tin  and  carbon,  and  rarely  sulphur. 

For  the  determination  of  total  copper,  weigh  out  one  gramme  of  turn- 
ings or  chippings,  and  dissolve  in  10  c.  c.  H  N  O3  in  a  ]S'o.  3  Griffin's 
beaker.  When  solution  is  complete,  add  6  c«  c.  strong  Hs  S  O4,  and 
evaporate  down  on  sand  bath  until  copious  fumes  of  8  O3  are  given  oft\ 
Cool,  dilute  with  cold  water  until  beaker  is. three-fourths  full,  and  de* 
termine  the  copper  by  electrolysis  with  the  apparatus  shown  in  Plate 
YIII,  Fig.  1.  The  apparatus  consists  of  the  stand  a,  the  uprights  6,  and 
the  horizontal  piece  £,  which  moves  on  the  uprights,  and  is  secured  in 
place  by  the  screws  d.  The  clamps  e  and  /  (tlu'ee  views  of  which  are 
shown.  A,  B,  and  0,  Plate  VIII),  carrying  respectively  the  platinum 
cylinder  and  spiral  ^Luckow's),  are  secured  the  proper  distance  apart  on 
the  horizontal  arm  by  the  set-screws  «•  The  two  insulated  wires  z  and  ' 
c  lead  respectively  from  the  zinc  and  copper  elements  of  the  battery, 
and  are  secured  by  the  binding  screws  j  and  Jc  The  whole  is  covered 
with  the  glass  case  I  to  keep  off  dust,  &e. 

Considerable  difficulty  was  experienced  in  getting  the  proper  strength 
of  current  for  depositing  the  copper.  A  weak  cuirent  causes  loss  of 
time  by  the  slow  deposition  of  the  Cu,  and  fails  to  separate  the  last 
traces,  even  after  several  days.  The  Cu  is  deposited  by  a  weak  current 
as  a  beautiful  metaUie  coating,  which  adheres  very  strongly  to  the  cyl- 
inder. With  a  strong  current  the  Cu  is  deposited  quickly  and  entirely, 
but  in  a  dark,  spongy  mass  that  does  not  adhere  strongly  enough  to  the 
cylinder  to  permit  of  its  being  washed  and  weighed.  To  avoid  this,  the 
battery  is  arranged  as  in  D,  Plate  YIII,  so  that  by  simply  changing  the 
z  wire  from  the  connector  a  to  6,  the  current  is  increased  by  bringing 
the  third  cell  into  the  circuit.  The  box  containing  the  battery  is  placed 
under  the  table  on  which  the  apparatus  stands,  and  is  covered  to  pre- 
vent evaporation  from  the  battery  jars.  The  battery  consists  of  three 
Daniell'9  2-quart  cells,  charged  as  follows :  The  cups  d  are  filled  with 
crystals  of  copper  sulphate,  the  porous  cells  and  zincs  and  copper-plate 
placed  in  position,  the  porous  cells  nearly  filled  with  water  containing  a 
few  drops  of  strong  H3  S  O4,  and  the  glass  jars  filled  to  the  same  height 
with  a  strong  solution  of  sulphate  of  copper.  The  connections  are  ar- 
ranged as  shown  in  Fig.  D,  Plate  VIII,  and  the  box  covered.  The  an- 
alytical process  is  as  follows :  The  z  wire  being  in  a,  Fig.  D,  the  cylinder 
and  spiral  washed  and  dried  and  placed  in  position,  and  the  beaker  con- 
taining the  solution  placed  as  in  Pig.  1,  Plate  VIII,  lower  the  horizontal 
arm  h  until  the  spiral  just  touches  the  bottom  of  the  beaker,  and  allow 
it  to  remain  over  night.  In  the  morning,  wash  down  the  top  of  cylinder 
and  beaker,  bring  the  third  cell  into  the  circuit  by  changing  the  z  wire 
to  hj  and  allow  it  to  run  two  hours.  Then  open  the  clamp  /  and  raise 
the  horizontal  bar  A,  leaving  the  spiral  in  the  beaker,  until  the  cylinder 
is  clear  of  the  beaker.  Detach  the  cylinder,  wash  it  with  cold  water 
and  then  with  alcohol,  dry  at  ICKP  C,  and  weigh.  Dissolve  oif  the  Cu 
with  H  N  O3,  wash  the  cylinder  with  water  and  alcohol,  dry  as  before, 
and  weigh:  the  difference  is  total  Cu  in  the  sample.  Test  the  solution 
left  in  the  oeaker  with  H3  Sj  and  if  any  Cu  S  is  precipitated  filter  it  off 
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on  a  firmall  filter,  and  treat  a8  in  the  determination  of  Gu  in  iron  and 
steel.    Add  this  result  to  the  other  for  total  copper. 

SILYEB. 

Dissolve  10  grms.  of  turnings  in  H  N  Os,  dilute  the  solution,  filter  if 
necessary,  and  add  a  few  drop8  of  H  CI.  Allow  it  to  stand  until  the  Ag 
Gl  has  settled,  filter,  wash,  dissolve  the  Ag  Gl  on  the  filter  in  N  H4  H  O, 
and  allow  it  to  run  into  a  very  small  beaker.  Wash  well,  and  pour  on 
a  little  H  N  O3  to  dissolve  any  metallic  silver  formed  by  the  decomposi- 
tion of  the  altered  chloride  by  N  H4  H  O,  wash  into  the  same  beaker,  add 
excess  of  H  N  O3,  allow  the  Ag  Gl  to  settle,  filter^  wash,  ignite,  and 
weigh,  with  the  usual  precautious.  The  Ag  Gl  obtained  contains  75.26 
per  cent  of  silver. 

IRON,  ZINC,  NICKEL,  AND  COBALT. 

Dissolve  10  grms.  of  the  copper  in  H  N  O3,  dilute  and  precipitate  the 
Cu  by  the  battery.  Kemove  the  cylinder,  wash  it  off  into  tfie  beaker 
containing  the  solution,  with  cold  water,  evaporate  the  solution  to  dry- 
ness, add  n  Gl,  dilute,  precipitate  any  Gu  that  may  remain  by  H,  8, 
filter  and  evax>orate  to  dryness  again  with  a  little  K  Gl  O3.  Bedissolv^e 
in  a  little  H  Gl,  dilute,  add  excess  of  sodium  acetate,  boil,  and  filter  off 
the  iron,  redissolve  in  H  Gl,  reprecipitate  the  oxide  of  iron  with  N  H4 
H  O,  filter,  bum,  and  weigh  as  Fcj  O3,  which  contains  70  x)er  cent,  of  Fe. 

Add  the  two  filtrates  together,  add  an  excess  of  acetic  acid,  heat  to 
boiling,  and  ])recipitate  the  Zn,  Ni,  and  Go  as  sulphides  by  B2  S.  Filter, 
wash,  dry,  and  ignite  the  precipitate  in  a  small  porcelain  crucible.  Trans- 
fer to  a  small  beaker,  and  digest  in  aqua  regia,  evaporate  to  dryness  with 
H  Gl  in  excess  until  all  H  N  O3  is  expelled,  redissolve  in  3  or  4  drops  of 
H  Gl,  dilute  a  little,  add  excess  of  potassium  cyanide,  and  precipitate 
the  Zn  as  sulphide  by  sodium  sulphide.  Filter,  wash,  dry,  and  ignite 
the  sulphide  of  zinc  in  a  porcelain  crucible,  digest  in  H  Gl,  filter,  evapor- 
ate off  excess  of  H  Gl,  and  precipitate  the  zinc  by  Nas  G  O3.  Filter,  wash, 
dry,  and  ignite  as  Zn  O,  which  contains  80.24  per  cent,  of  Zn. 

To  the  filtrate  from  the  sulphide  of  zinc  add  excess  of  H  Gl,  and  K  01 
O3,  and  boil  off  all  hydrocyanic  acid,  precipitate  Ni  O  and  Go  O  by  solu- 
tion of  K  H  O,  filter,  dissolve  in  H  Gl,  and  separate  the  Ki  and  Go  as  iu 
the  determination  of  nickel  and  cobalt  in  iron  and  steeL' 

ABSENIO  ANB  ANTIMONY. 
(Abel  &  Fields  Journal  of  Chem.  Soc,  XIV,  291.) 

Dissolve  10  grms.  of  the  copper  in  H I^  O3,  add  a  small  amount  of  solu- 
tion of  lead  nitrate,  equal  to  0.5  grm.  of  the  salt,  then  an  excess  of  am- 
monia and  carbonate  of  ammonia.  Allow  the  precipitate,  which  may 
contain  oxide  and  carbonate  of  lead,  arseniate  and  antimoniate  of  lead, 
and  oxide  of  bismuth,  to  settle ;  filter,  wash,  and  digest  it  in  a  strong 
solution  of  oxalic  acid,  which  dissolves  the  arsenic  and  antimony.  Filter, 
add  solution  of  sulphate  of  magnesia  and  excess  of  ammonia,  and  pre- 
cipitate the  arsenic  as  ammonium  magnesium-arseniate.  Allow  to  settle, 
filter  on  counterpoised  filters,  dry  at  10(P  G.,  and  weigh  as  2  [As  Mg% 
(N  H4)  O4]  +  H2  O,  which  contains  39.47  per  cent,  of  arsenic. 

To  the  filtrate  add  slight  excess  of  H  Gl,  and  precipitate  the  antimony 
by  R2  S ;  filter,  wash,  and  determine  as  Sbs  O4  by  treatment  with  H  IT  Oj. 
This  contains  79.22  per  cent,  of  antimony. 
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BISMUTH  AND  LEAD. 
(Abel  &  Field,  Journal  Chem.  Soo.,  XIV,  294.) 

Dissolve  10  or  20  gnns.  of  the  copper  in  H  IN*  O3,  and  add  a  small  quan- 
tity of  solution  of  sodium-ammonium  phosphate  and  excess  of  N  H4  H  O. 
Allow  the  precipitate  to  settle,  filter,  wash  with  dilute  solution  of  am- 
monia, dissolve  in  H  01,  add  excess  of  N  £[4  H  O,  and  pass  H3  S  through 
the  solution.  Filter  off  the  precipitated  sulphides  of  lead  and  bismuth, 
wash  thoroughly,  and  dissolve  in  dilute  H  N  Og.  Nearly  neutralize  this 
solution  with  N  H4  H  O,  and  digest  with  a  small  excess  of  hydrated  oxide 
or  basic  nitrate  of  copper  to  precipitate  the  bismuth }  the  lead  remains 
in  solution.  Dissolve  tH  washed  precipitate  of  oxide  of  bismuth  in 
H  N  O3,  and  separate  it  from  copper  by  N  H4  H  O ;  filter,  wash,  aud  de- 
termine the  Bi  Os'in  the  usual  way.  It  contains  89.65  per  cent,  of  bis- 
muth. 

If  the  copper  contains  iron,  ferric  oxide  will  be  precipitated  with  the 
Bi  O3.  In  this  case  dissolve  the  precipitate  in  dilute  acid,  and  precipi- 
tate by  H3  S.  Filter  off  the  sulphide  of  bismuth,  wash  with  water  con- 
taining HzS,  redissolve  in  dilute  H  NO3,  and  reprecipitate  by  ammonium 
carbonate;  filter,  wash,  ignite,  and  weigh  as  before. 

To  the  solution  containing  the  nitrates  of  copper  and  lead  add  Ifa^ 
0  O3  until  the  solution  is  slightly  alkaline,  acidulate  with  acetic  acid, 
and  precipitate  the  lead  as  clm>mate  by  acid  potassium  chromate.  Fil- 
ter on  counterpoised  filter,  and  weigh  as  Pb  Cr  O^,  which  contains  64.04 
per  cent,  of  lead. 

OUPEOUS  OXIDE,  OB  OXYGEN. 
(Abea^  Jonrnal  of  Chem.  Soc,  XYII,  1G4.) 

Carefully  weigh  a  piece  of  the  copper,  after  cleaning  the  surface  from 
any  adhering  oxide  by  means  of  a  file  or  sandpaper,  and  digest  it  in  a 
cold  neutral  solution  of  silver  nitrate  for  three  or  four  hours.  Remove 
the  portion  unacted  nx>on,  wash  it  off  carefully,  dry,  and  weigh  it;  the 
difference  between  this  and  the  first  weight  gives  the  amount  of  copper 
acted  upon  by  the  silver  nitrate. 

Filter  through  asbestos,  and  wash  the  mixture  of  precipitated  silver 
and  basic  cupric  nitrate.  Digest  it  for  half  an  hour  in  a  known  quan- 
tity of  sulphuric  acid  containing  1  part  H2  S  04to  100  parts  water.  Filter 
from  the  metallic  silver,  and  determine  the  free  acid  by  alkalimetry. 

The  quantity  of  acid  neutralized  by  the  cupric  oxide  is  equivalent  to 
the  cuprous  oxide^  or  oxygen  in  the  metallic  copper  in  accordance  with 
the  reaction. 

a 

Cnj|0  +  2  Ag  N03=2  Ag  +  Ou  (NO3),  Cu  O. 

Professor  Abel  nsed  in  his  estimations  a  solution  of  ITa^  0  O3  to  neu- 
tralize the  sulphuric  acid,  but  I  find  a  solution  of  ammonia  much  more 
satis&ctory.  I  have  prepared  the  sulphuric  acid  and  ammonia  as  fol- 
lows: 

Heat  pure  sulphate  of  copper  in  a  porcelain  crucible  until  it  becomes 
anhydrous  (the  heat  should  not  exceed  a  very  low  red).  Transfer  it  to 
a  carefully  weighed  glass  tube,  stopped  with  a  cork  covered  with  tin  foil, 
while  still  hot:  cool  in  a  desiccator,  and  weigh.  The  difference  is  the 
weight  of  the  Gu  8  O4. 

Wa<sh  the  tube  out  carefully  into  a  flask,  dissolve  in  distilled  water, 
heat  to  boiling,  and  precipitate  the  Gu  by  a  current  of  H^  S.    When  the 
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Ga  is  all  precipitated,  filter,  wash  with  hot  water,  and  make  up  the  fil- 
trate to  the  proper  volume,  according  to  the  proportion 

169.2 :  98=wt.  of  Cu  S  O4 :  wt.  of  H,  S  O4 

so  that  the  solution  shall  contain  in  100  c.  c.  one  grm.  of  Hj  S  O4. 
Thirty  grammes  of  the  crystallized  sulphate  of  copper  will  make  about  1 
liter  of  the  standard  acid. 

To  prepare  the  ammonia,  take  25  c.  c.  strong  N  H4  H  O,  and  dilute  it  to 
about  800  c.  c.  with  distilled  water.  Add  a  few  drops  of  an  aqueous  solu- 
tion of  haematoxylin  to  25  c.  c.  of  the  standard  acid  diluted  to  about  300 
c.  c,  and  add  the  ammonia  from  a  burette  until  the  proper  reaction  is 
obtained.  Then  by  a  simple  proportion  det#mine  the  amount  of  dila- 
tion required  to  make  1  c.  c  of  the  ammonia  equal  to  1  c.  c.  of  the  acid. 
For  instance,  if  the  ammonia  solution,  after  filling  the  burette,  measures 
800  c.  c,  and  there  is  required  of  it  20  c.  c.  to  saturate  25  c.  c.  of  the  acid, 
then  20 :  25=800 :  1000,  and  200  c.  c.  of  distilled  water  must  be  added  to 
the  ammonia  solution  to  make  it  the  proper  strength. 

If  the  ammonia  solution  shoald  prove  to  be  two  weak  at  first,  add  a 
little  strong  ammonia,  and  repeat  the  titration.  If  upon  testing  the  am- 
monia solution  •  after  dilution  it  should  prove  to  be  within  two  or  three 
tenths  of  a  c.  c.  in  50  of  the  proper  strength,  it  is  accurate  enough. 

In  the  determination  of  the  suboxide  of  copper,  after  digesting  the 
silver  and  basic  cupric  nitrate  in  50  c.  c.  of  the  standard  acid,  and  filter- 
ing from  the  precipitated  silver,  dilute  to  about  400  c.  c,  add  the  hae- 
matoxylin, and  run  in  the  ammonia  solution  from  a  burette  until  the 
yellow  color  of  the  solution  disappears.  Subtract  the  number  of  c.  c. 
thus  obtained  from  the  number  required  to  neutralize  the  standard  acid ; 
the  difference  is  the  volume  of  standard  acid  required  to  neutralize  the 
basic  cupric  salt.  Then,  as  1  c.  c.  of  the  standard  acid  is  equal  to  0.0  L 
grm.  of  the  112  S  O4,  multiply  the  number  of  c.  c.  obtained  by  .01,  and 
the  result  is  the  weight  of  H<i  S  O4  neutralized.    Then, 

H3  S  O4 :  CuaO=wt.  of  H2  S  O4  obtained :  wt  of  Ouj  O  required. 
Or, 

Ha  S  O4 :  0=wt.  of  Hj  S  O4  obtained :  wt.  of  O  required. 

These  weights  divided  by  the  amount  of  copper  acted  upon  by  the 
solution  of  Ag  N  O3  give  the  percentages  respectively  of  Ou^  O  and  oxy- 
gen in  the  copper. 

TIN. 

Dissolve  10  grms.  of  the  copper  in  HKO3,  evaporate  to  dryness,  and 
heat  in  a  porcelain  dish  until  the  cupric  nitrate  is  decomposed.  Redis- 
solve  in  H  X  O3,  dilute,  and  stand  aside  until  the  Sn  O2  shall  have  set- 
tled. Filter,  wash,  and  dry  the  precipitate.  Separate  the  Sn  O^  as  per- 
fectly as  possible  from  the  filter,  bum  the  filter,  and  fuse  the  whole  with 
equal  parts  of  Na?  C  O3  and  S.  Dissolve  in  water,  filter,  and  precipi- 
tate the  sulphide  of  tin  with  dilute  H  01  or  H,  S  O4.  Filter,  wash  with 
water  containing  ammonium  acetate,  dry,  and  roast  at  a  low  heat  until 
the  S  is  burned  off:  raise  the  heat  gradually,  and  ignite  at  a  high  tem- 
perature ;  finally  allow  it  to  cool  and  heat  several  times  with  aiamoniam 
carbonate,  and  until  the  weight  is  constant.  Weigh  as  So  Jiy  which 
contains  78.38  per  cent  of  tin. 

If  the  copper  contains  antimony,  this  precipitate  must  be  treated  by 
Bose's  method  (fusion  with  sodium  hydrate  in  a  silver  crucible),  and  the 
amount  of  Sb  determined  and  subtracted  £tom  the  weight  of  Sn  O,. 
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GABBON. 

Dissolve  a  weighed  anioant  of  the  copper  in  double  chloride  of  copper 
and  aniinoniam,  filter  on  asbestos,  and  ignite  in  a  current  of  oxygen^ 
as  in  determination  of  total  carbon  in  steeL 

SULPHTJE. 

Ignite  the  finely  divided  copper  for  several  hours  in  a  current  of  puri- 
fied hydrogen,  pass  the  gas  through  a  solution  of  oxide  of  lead  in 
potassium  hydrate,  and  treat  the  precipitate  as  in  determination  of 
sulphur  in  iron  and  steeL 

SEPAEATION  OP  TIN  AND  COPPEB  IN  ALLOYS. 

Dissolve  1  grm.  of  the  alloy  in  H  N  O3,  evaporate  to  dryness  on  the 
water-bath,  cool  and  moisten  the  dry  residue  with  H  CI.  Allow  it  to 
stand  at  the  ordinary  temperature  for  several  hours,  and  add  about  700 
or  800  c.  c.  of  cold  water.  It  should  dissolve  without  residue.  Add  50 
c.  c.  of  dilute  H2,  8  O4  (one  of  acid  to  ten  of  water),  and  stand  over  night 
on  the  water-bath.  Decant  the  clear  supernatant  fluid  through  a  filter, 
wash  several  times  by  decantation  with  hot  water,  and  boil  the  precipi- 
tate with  a  mixture  of  H  !N"  O3  and  water,  one  to  ten.  Allow  the  pre- 
cipitate to  settle,  decant,  and  wash  by  decantation  through  the  same 
filter.  Finally,  transfer  to  the  filter,  wash  with  hot  water,  dry,  ignite, 
and  weigh  as  Sn  O2,  which  contains  78.38  per  cent.  Sn.  Test  the  pre- 
cipitate for  lead  and  copper  by  fusion  with  Na2,  0  O3,  and  S.  Evapor- 
ate all  the  filtrates  from  the  Sn  O2,  and  heat  until  fames  of  S  O3  are 
given  off.  Cool,  dilute,  and.  precipitate  the  Cu  by  electrolysis,  as  in  the 
determination  of  Cu  in  ingot  copper. 

SEPARATION  OF  COPPEB  ANB  ZINC  IN  ALLOTS. 

Dissolve  1  grm.  of  the  alloy  in  10  c.  c.  H  K  O3,  add  8  c.  c.  strong  H, 
S  O4,  and  heat  until  fumes  of  S  O3  are  given  oft*.  Cool,  dilute,  and  pre- 
cipitate the  Cu  by  electrolysis,  washing  off  the  cylinder  with  distilled 
water  into  the  beaker  containing  the  solution.  Pass  n2  S  into  this  solu- 
tion, collect  any  Cu  S  that  may  be  precipitated  on  a  small  filter,  and 
determine  the  amount  as  in  the  determination  of  Cu  in  iron  and  steel. 
To  the  filtrate  add  a  little  bromine  water  to  destroy  the  S  and  oxidize 
any  iron  which  may  be  present;  neutralize  with  Na^  C  O3,  add  excess  of 
acetic  acid  and  sodium  acetate,  and  boil  to  separate  the  iron ;  filter,  heat 
to  boiling,  and  precipitate  the  zinc  as  sulphide  by  a  current  of  112  3- 
Allow  the  precipitate  to  settle;  wash  by  decantation  with  water  con- 
taining H2  S.  Finally  transfer  to  the  filter,  wash,  dry,  ignite  several 
times  with  ammonium  carbonate,  and  weigh  as  Zn  O,  which  contains 
80.24  per  cent,  of  Zn. 

SEPARATION  OF  COPPER,  TIN,  AND  ZINO  IN  ALLOYS. 

« 

Digest  1  grm.  of  the  triple  alloy  in  H  N"  O3,  evaporate  to  dryness, 
cool,  moisten  with  H  CI,  and  determine  the  Sn  O2  as  in  the  determina- 
nation  of  Sn  in  copper-tin  alloys.  Determine  the  Cu  in  the  filtrate  by 
electrolysis  as  in  the  same  separation,  and  the  Zn  in  the  solution  from 
the  copper  precipitation,  as  in  the  determination  of  Zn  in  copper-zinc 
alloys. 
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DETEBMINATION  OF  SMALL  AMOUNTS  OF  LEAD  IN  COMMEBGLAL  ZINC 

AND  ALLOYS. 

I  have  applied  Abel  and  Field's  method  for  the  determination  of  lead 
in  ingot  copper  to  its  determination  in  commercial  zinc  (spelter)  and  the 
various  alloys  of  Gu,  Zn,  and  Sn.  The  mode  of  procedure  is  the  same, 
except  in  alloys  containing  tin.  In  these  treat  10  grms.  of  the  alloy  with 
H  N  O3,  evaporate  to  dryness,  boil  with  100  c.  q  11  N  Os^and  water,  equal 
parts,  dilute,  filter  from  Sn  O2,  add  a  little  N  U49  ^a,  H,  P  O4,  and  excess 
of  K  H4 II  O.  Allow  the  precipitate  to  settle,  filter,  wash  with  water 
containing  N  H4H  O,  dissolve  on  the  filter  in  hot  dilute  H  01,  and  allow 
the  solution  to  run  into  a  small  beaker.  Add  excess  of  N  II4  H  O  and 
N  H4  H  S.  Allow  the  precipitate  to  settle,  filter,  and  wash  with  water 
containing  N  H4  H  S.  Dry  and  ignite  the  precipitate  and  filter,  transfer 
to  a  small  beaker,  digest  in  H  N  O3  and  a  little  H3  S  O4,  evaporate  off  the 
H  N  O3,  dilute  w  ith  water  and  alcohol,  equal  parts,  and  allow  the  Pb 
8  O4  to  settle.  Filter,  wash,  dry,  ignite,  and  weigh  as  Pb  S  04,  which 
contains  G8.32  per  cent.  Pb. 
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EDITOR'S   PREFACE. 


The  investigation  of  the  properties  of  alloys  of  copper  and  tin  here 
reported  ni)on  was  entered  upon  nnder  a  resolution  of  the  United  States 
Board  to  Test  Iron,  Steel,  and  other  Metals,  passed  AprillT,  1875,  direct- 
ing a  determination  of  ^^  the  mechapical  properties  and  of  the  physical 
and  chemical  relation  of  alloys  of  copper,  tin,  and  zinc,"  and  under  the 
arrangementof  committees  approved  by  the  board,  April  23, 1877,  which 
assigned  to  the  committee  on  alloys  the  duty  of  '^  assuming  charge  of  a 
series  of  experiments  on  the  characteristics  o^  alloys  and  an  investiga- 
tion of  the  laws  of  combination." 

This  research  was  conducted  in  the  Mechanical  Laboratory  of  the  De- 
partment of  Engineering  of  the  Stevens  Institute  of  Technology  under 
the  authorization  of  the  Trustees,  who,  although  without  power  to  as- 
sume responsibility  involving  pecuniary  risk,  cordially  gave  the  work 
their  countenance,  and  permitted  the  use  of  every  facility  which  the 
Institute  afforded  in  the  prosecution  of  the  work,  and  as  have  the  Presi- 
dent and  members  of  the  Faculty,  aided  most  effectively  wherever  oppor- 
tunity offered. 

This  preliminary  study  of  a  wide  and  important  field  will,  it  is  hoped, 
prove  to  have  been  so  satisfactorily  done  that  a  repetition  of  the  work 
may  never  be  required,  and  that,  in  the  future,  research  may  be  thus 
profitably  confined  to  matters  of  detail  in  those  parts  of  this  field  which 
are  here  shown  to  be  of  most  promise  and  where  investigation  may  be 
most  certain  to  yield  liberal  returns. 

The  principal  assistant  and  observer  in  this  extended  and  extremely 
laborious  work  has  been  Mr.  William  Kent,  without  whose  intelligent 
assistance  we  should  have  often  found  it  necessary  to  suspend  work 
temporarily,  and  should  have  been  compelled  to  take  a  very  much  longer 
time  for  its  completion.  I  cannot  speak  too  highly  of  his  conscientious 
and  skillful  work,  not  only  at  the  testing-machines,  but  in  working  up 
results.  He  is  to  be  credited  also  with  many  valuable  suggestions  and 
with  some  of  the  very  ingenious  devices  which  have  greatly  abridged 
the  work.  The  committee  are  also  indebted  for  similar  assistance  to 
Mr.  J.  E.  Denton,  assistant  in  charge  of  the  Mechanical  Laboratory,  to 
Mr.  Theo.  P.  Koezly,  andtoMr.  and  Mrs.  F.T.Thurston.  The  latter  were 
invaluable  coadjutors  in  the  preparation  of  the  report,  and  especially  of 
its  illustrations.  The  conscientious  accuracy  of  their  work  is  best  indi- 
cated by  reference  to  the  plates  which  accompany  this  report.  Mr.  F. 
T.  Thurston  is  especially  entitled  to  credit  for  essential  assistance  ren- 
dered in  editing  this  report,  every  page  of  which  has  passed  under  his 
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With  their  skillfhl  aid,  the  endeavor  has  been  made  to  carry  ont  the 
plan  of  the  committee  faithfully  and  with  all  possible  thoroughness  and 
accuracy. 

The  intention  of  the  committee  was,  not  to  determine  the  character  of 
chemically  pure  metals,  melted,  cast  and  cooled  with  s][>ecial  precaution, 
but  to  acertain  the  practical  value  of  commercial  metals,  as  foand  in 
the  markets  of  the  United  States,  melted  in  the  way  that  such  alloys 
are  prepared  in  every  foundry  for  business  purposes,  and  cast  and 
otherwise  treated  in  every  respect  as  the  brass-founder  usually  handles 
his  work.  The  endeavor  has  been  to  determine  what  is  the  practical 
value,  to  the  brass-founder  and  to  the  constructor,  of  commercial  mate- 
rials treated  in  the  ordinary  manner  and  without  any  special  precaution 
or  any  peculiar  treatment. 

The  investigation  of  the  effect  of  various  kinds  of  fluxes  and  methods 
of  fluxing  and  of  special  methods  of  treatment  of  the  alloys  after  cast- 
ing, is  reserved  for  a  future  research. 

The  result  of  this  investigation  has  been  the  approximate  determina- 
tion  of  the  mechanical  properties  of  all  alloys  of  copper  and  tin. 

The  set  of  diagrams  representing  the  method  of  variation  of  each  of 
these  properties  with  variation  of  composition,  will  exhibit  this  result 
most  satisfactorily. 

Those  diagrams  form  a  very  concise  compendium  of  the  whole  work. 
Other  diagrams  are  given,  of  which  the  curves  exhibit  the  behavior  of 
every  test-piece  from  the  instant  of  application  of  the  initial  load  to  the 
end  of  the  test.  The  fac  similea  of  the  Autographic  Strain  Diagrams 
obtained  automatically  by  the  use  of  the  Autographic  Becording  Test- 
ing-Machine, designed  by  the  writer,  also  exhibit  the  characteristics  of 
each  alloy  as  described  by  itself,  and  give  the  strength,  resilience,  mo- 
dulus of  elasticity,  and  homogeneousness  of  every  portion  of  every  bar 
of  metal  made. 

In  the  text  of  the  report  will  be  found  a  statement  of  the  more  im- 
portant £Ei>cts  determined,  and  the  tables  appended  contain  all  the  results 
of  observation.  The  whole  forms  a  collection  of  facts  that  will  probably 
repay  a  vastly  more  complete  analysis  and  more  careful  study  than  it 
has  been  possible  to  give  them. 

Little  moi'e  has  been  done  than  to  determine  facts;  their  comparison 

and  the  determination  of  laws  and  of  corollaries  is  a  still  greater  task, 

and  months  might  be  profitably  sx>ent  in  the  work. 

Very  respectfully, 

B.  H.  THUBSTON, 

Chairman  ofCommitteej 

Uditar  of  Bepart. 

Mechanical  Labobatobt, 

Department  of  ENaiNEEBiNa, 

Stevens  Institute  of  Tbohnology, 

February  25, 1879, 


To  the  United  States  Board  appointed  to  testlron^  Steel,  and  other  Metals: 

Gentlemen  :  The  undersigned,  a  committee  appointed  by  you  with 
instructions  "  to  assume  charge  or  a  series  of  investigations  of  the  char- 
acteristics of  alloys,"  present  herewith  a  report  upon  the  Copper-Tin 
Alloys. 

This  research  has  been  made  under  the  direction  of  this  committee, 
and  under  the  direct  supervision  of  its  chairman.  The  committee 
will,  immediately  upon  its  completion,  present  a  similar  report  upon  the 
Copper-Zinc  alloys,  and  a  report  upon  the  Triple  Alloys  of  Copper,  Tin, 
and  Zinc  will  follow.  The  work  has  been  done  in  the  same  way  and 
under  the  same  direct  supervision  as  that  on  the  copper-tin  alloys. 

The  committee  take  great  pleasure  in  presenting  these  reports  to  the 
board.  They  represent  the  results  of  the  first  complete  and  systematic 
researches  ever  made  upon  these  most  important  of  all  the  alloys  of  use- 
ful metals.  This  work  has  been  carefully  planned,  and  the  plans  formed 
have  been  completely  carried  out.  The  result  has  been  the  comi)lete 
exploration  of  a  broad  and  most  important  field  of  which  almost  nothing 
was  previously  known.  Ordnance-bronze,  bell  metal,  and  speculum- 
metal,  a  few  grades  of  brass  and  of  the  triple  alloys,  were  the  only 
alloys  familiar  to  our  founders  and  engineers. 

The  whole  field  has  now  been  explored  and  the  useful  alloys  are 
ei)Oven  to  occupy  but  a  limited  portion  of  its  great  extent,  and  it  has 
rben  now  shown  that  a  comparatively  narrow  band  extending  from 
ordnance-bronze,  on  the  one  side  of  this  triangular  territory,  to  Muntz 
metal,  on  the  other,  cont.ains  all  of  the  best  of  the  generally  useful 
alloys.  This  small  portion  of  valuable  territory  having  been  pointed 
out  and  defined,  its  more  minute  study  may  be  left  for  future  investi- 
gators. 

Your  committee  desire  to  invite  especial  attention  to,  and  to  ask  a 
careful  study  of,  the  strain-diagrams  of  the  copper-tin  and  the  copper- 
zinc  alloys,  and  a  still  more  careful  examination  of  the  graphical  repre- 
sentation of  the  results  of  the  research  on  the  copper-tin -zinc  alloys,  as 
presenting  most  completely  and  satisfactorily  the  characteristics  of  all 
X>ossible  combinations  of  the  metals  used. 
Very  respectfully, 

E.  H,  THURSTOl^, 
L.  A.  BEARDSLEE, 
DAVID  SMITH, 
Committee  on  Metallio  Alloys, 
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A  PBELIMINABY  EXPERIMENTAL  RESEARCH  UPON  THE 
MECHANICAL  PROPERTIES  OF  SMALL  CASTINGS  OP  THE 
ALLOYS  OF  COPPER  AND  TIN. 

The  part  of  this  research  which  has  been  completed,  and  of  which 
the  results  are  given  in  the  following  pages,  consists  of  an  investigation 
of  the  strength,  ductility,  resilience,  and  other  mechanical  properties  of 
the  alloys  of  copper  and  tin,  in  the  form  of  cast  bars  about  28  inches 
long  and  1  inch  square  in  section,  prepared  from  the  best  commercial 
metals,  simply  ordinary  precautions  being  taken  to  secure  good  cast- 
ings. It  was  desired  to  learn,  besides  the  properties  of  each  particular 
alloy,  the  laws  which  connected  these  properties  with  the  proportions 
of  the  component  metals,  and  also  whether  alloys  mixed  in  simple  pro- 
portions of  the  chemical  equivalents  of  the  component  metals  possessed 
any  advantages  over  other  mixtures.  It  was  reser\'ed  for  a  subsequent 
research  to  determine  the  effect  of  various  methods  of  casting,  of  rapid 
or  slow  cooling,  of  casting  under  pressure,  of  using  special  fluxes,  and 
of  the  effects  of  rolling  and  hammering. 

Two  series  of  these  alloys  were  made,  the  first  consisting  of  twenty- 
nine  bars,  of  which  twenty-three  were  mixtures  of  the  metals  in  atomic 
proportions,  four  were  mixtures  made  without  regard  to  the  atomic  pro- 
portions, and  the  remaining  two  were  a  bar  of  copper  and  a  bar  of  tin, 
each  without  admixture. 

The  second  series  comprised  twenty  bars,  ranging  from  97^  per  cent, 
copper  and  2J  per  cent,  tin  to  97J  tin  and  2J  copper,  with  a  regular 
difference  of  composition  between  consecutive  bars  of  5  per  cent.  In 
addition  to  these  alloys  a  few  other  bars  of  cast  copper  were  made  and 
one  of  cast  tin. 

After  the  bars  were  prepared  they  were  tested  first  by  transverse 
stress  in  the  manner  hereinafter  described.  The  pieces  remaining  from 
the  transverse  tests  were  then  turned  into  proper  shape  and  tested  by 
tensile  stress.  The  ends  of  the  tensile-test  pieces  were  then  tested  by 
torsion.  In  general,  each  bar  sufficed  for  one  transverse,  two  tensile, 
and  four  t/orsional  tests,  and  in  some  cases  compression-test  pieces  were 
made,  as  described  hereafter.  The  turnings  made  in  shaping  the  tensile- 
test  specimens  were  carefully  saved  for  chemical  analysis.  Small  pieces 
from  each  tensile  specimen  were  saved  for  the  determination  of  the 
si)ecific  gravity. 

FIRST  SEEIES — (JOPPER  AND  TIN  ALLOYS. 

The  metals  used  in  preparing  the  first  series  of  copper  and  tin  alloys 
were  procured  from  responsible  dealers,  and  reported  by  them  to  be  the 
purest  commercial  meUils  in  market.  Tlie  weighing  was  made  with 
great  care  in  the  Physical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology, on  a  balance  made  by  Messrs.  Saxton  and  Bache  for  the  United 
States  Bureau  of  Weights  and  Measures.  The  metal  weighed  out  for 
each  bar  was  4.5  kilogrammes  (about  9.92  pounds),  and  the  weighing  was 
made  in  all  cases  to  within  one-tenth  of  a  gramme,  the  balance  being 
sensitive  to  a  very  much  smaller  weight.  The  error  in  weighing  was 
less  than  a6ooo  of  the  whole. 

A  similar  balance  was  exhibited  by  the  Bureau  of  Weights  and  Meas- 
ures of  the  United  States  Treasury  Department  at  the  Paris  Exposi- 
tion of  18G7,  and  is  stated  in  Prof.  F.  A.  P.  Barnard's  report  to  have 
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been  sensitive  to  ^6^6^6000  ^^  the  weight  in  each  scale,  and  to  have  re- 
ceived the  highest  praise  from  eminent  French  authorities.* 

The  following  table  gives  the  composition  of  the  alloys  of  the  first 
series  according  to  their  atomic  proportions  and  percentages  of  original 
mixture,  and  also  according  to  chemical  analysis  made  after  the  tests: 

Table  I.— Alloys  op  Copper  and  Tin.—First  Series. 
Composition  by  Originat  Mixture  and  Analysis, 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 


Nmnber. 


Atomio  propor- 
tion. 


On. 


1 

96 
48 
24 


12 

i' 


3 
12 
2 
12 
8 
4 
6 
1 
3 
8 
1 
1 
1 
1 
1 
1 
1 
0 


Sn. 


0 
1 
1 
1 


1 

"i 


1 
6 
1 
7 
2 
3 
5 
1 
4 
5 
2 
8 
4 
5 
12 
48 
06 
1 


Percentase  by 
ori|i;iiuu  niix- 
ture. 


On. 


100 
98.1 
96.27 
92.80 
90.00 
86.57 
80.00 
76.33 
70.00 
68.25 
65.00 
61.71 
66.32 
5L80 
47.95 
44.63 
41.74 
39.20 
84.95 
28.72 
24.38 
2L18 
15.19 
1L84 
9.70 
4.29 
1.11 
0.557 
0 


Sn. 


0 

1.9 
8.73 
7.20 
10.00 
13.43 
20.00 
23.68 
30.00 
31.75 
35.00 
88.29 
43.68 
48.20 
52.05 
65.37 
58.26 
60.80 
65.05 
7L28 
75.62 
7&82 
84.81 
88.16 
90.80 
95.71 
98.89 
99.443 
100 


Mean  percent- 
ai^e  uy  an- 
alysis. 


Ca. 


97.89 
96.06 
92.11 
90.27 
87.15 
80.95 
7a  64 
69.84 
68.58 
65.34 
62.31 
66.70 
51.62 
47.61 
44.52 
42.38 
88  37 
84.22 
25.85 
23.35 
20.25 
15.08 
U.40 
a  57 
8.72 
0.74 
0.32 


Sn. 


1.90 
8.76 
7.80 
9.58 
12.73 
18.84 
2a  24 
29.80 
31.26 
34.47 
37.35 
4a  17 
48.09 
52.14 
55.28 
67.30 
6L32 
65.80 
7a  60 
7a  29 
79.63 
84.62 
88.47 
91.39 
9a  31 
99.02 
09.46 


o 

a  . 
IP 

I 


a  487 
a564 
a  649 
a  694 
a  660 

a  681 

8  740 
a565 
a  083 
a  938 
8  947 
8  970 
8  682 
8560 
a  442 
8  812 
8  302 
a  182 

a  013 

7.048 
7.835 
7.770 
7.657 
7.552 
7.487 
7.360 
7.305 
7.299 
7.293 


Analyses  of  the  ingot  metal  used  in  these  alloys  were  made,  with  the 
following  results: 


Metallic  iron 

Metallic  zinc 

Metallic  silver 

Metallic  arsenic 

Metallic  antimony 

MctalUc  cobalt 

Metallic  bismath 

Metallic  nickel 

Metallic  lead 

Metallic  manganese 

Metallic  moly bdenmn 

Metallic  tungsten 

Metallic  copper 

MetalHotin 

Suboxide  of  copper 

Carbon  

Malfter  insoluble  in  aqua  regia 


Ingot  Lake 
Superior 
Copper. 


0.013 
none 
0.014 
none 
none 


none 
trace 


09.420 
none 
0.537 
0.041 


100.025 


Ingot 
Banca  Tin. 


0.035 
none 

none 
none 


none 
none 
none 


none 
90.978 


trace 


100. 013 


Ingot 

Queensland 

Tin. 


0.035 
none 

trace 
none 
nene 
none 
none 
0.165 
0.006 
none 
none 
none 

Mr.  iVft  • 


100.00 


*United  States  Reports  on  Paris  Exposition,  Vol.  Ill,  p.  486. 
18  T  M 
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All  the  bars  were  made  in  the  brass  fonndry  of  the  Mechanical  Labor- 
atory of  the  Stevens  Insitnte  of  Technology,  by  an  experienced  brass 
founder,  but  considerable  difficulty  was  met  with  in  the  cases  of  many 
of  them  in  consequence  of  the  variable  and  unusual  proportions  in 
mixtures  adopted  which  necessitated  different  methods  of  treatment. 
Several  bars  had  to  be  recast  one  or  more  times  to  secure  even  fairly 
good  castings. 

The  crucibles  used  were  made  of  a  composition  of  plumbago  and  fire- 
clay. They  were  6J  inches  in  height  and  4J  inches  largest  diameter, 
inside  measurements.  The  furnace  was  an  ordinary  brass  founder's 
furnace,  furnished  with  a  strong  chimney  draught.  The  fuel  used  was 
anthracite  coal.  In  mixing,  the  copper  was  first  melted  and  the  tin 
added  in  the  solid  state,  in  small  portions  at  a  time,  and  the  mixture 
thoroughly  stirred  with  a  dry  wooden  lath. 

The  first  castings  were  made  in  dry  sand  molds,  but  so  much  trouble 
was  given  by  irregular  surfaces  and  blow-holes  that  recourse  was  had  to 
a  cast-iron  mold,  which  gave  better  results.  When  the  metal  was  poured 
at  too  low  a  temperature  into  the  cold  mold  it  was  sometimes  slightly 
chilled,  giving  an  irregular  surface.  This  was  remedied  by  heating  the 
mold  to  a  temperature  somewhat  below  the  melting  point  of  the  alloy, 
the  highest  temperature  being  given  it  in  casting  alloys  containing  the 
largest  percentages  of  copper.  In  all  cases  the  mold  was  placed  in  a 
vertical  position  while  the  metal  was  being  poured  and  cooled.  The  fol- 
lowing is  a  statement  of  the  method  of  casting  of  each  of  the  twenty- 
nine  bars. 

!No.  1.  All  copper.  Cast  twice  in  dry  sand  mold.  Bar  broke  in  middle 
each  time  (probably  by  shrinkage).  Cast  in  cold  iron  mold — surface  un- 
even.   Cast  in  hot  iron  mold — good. 

No.  2.  97.89  copper,  1.90  tin.    Cast  in  dry  sand — good. 

No.  3.  96.06  copper,  3.76  tin.  Cast  in  cold  iron  mold — spongy  appear- 
ance on  surface.  Eecast  in  hot  iron  mold — surface  somewhat  streaked 
and  irregular. 

No.  4.  92.11  copper,  7.80  tin.  In  cold  iron  mold — surface  bad.  Eecast 
in  hot  iron  mold — good. 

No.  5.  90.27  copper,  9.58  tin.    In  hot  iron  mold — good. 

No.  6.  87.15  copper,  12.73  tin.    In  dry  sand — good. 

No.  7.  80.95  copper,  18.84  tin.  In  dry  sand — bad  surface.  Becast  in 
hot  iron  mold — good. 

No.  8.  76.64  copper,  23.24  tin.    In  dry  sand — ^good. 

No.  9.  69.84  co[)per,  29.89  tin.  In  dry  sand — good.  Very  weak  and 
brittle,  and  broke  in  handling.    Recast  in  hot  iron  mold — good. 

No.  10.  68,58  copx)er,  31.26  tin.    In  hot  iron  mold — good. 

No.  11.  65.34  copper,  34.47  tin.    In  hot  iron  mold — good. 

No.  12.  62.31  copi)er,  37.35  tin.  In  hot  iron  mold — good.  Broke  in 
taking  out  of  mold.    Recast  three  times  before  getting  a  good  casting. 

No.  13.  56.70  copper,  43.17  tin.  In  hot  iron  mold — good.  Broke  in 
handling.  Recast  twice,  breaking  each  time  in  the  mold.  Fourth  cast- 
ing good. 

No.  14.  51.62  copper,  48.09  tin.  In  hot  iron  mold — good.  Broke  in 
handling,  leaving  piece  19  inches  long  sufficient  for  test. 

No.  15.  47.61  copper,  52.14  tin;  to  No.  23. 15.08  copper,  84.62  till,  in- 
clusive.   In  hot  iron  molds — first  castings  good. 

No.  24.  1 1.49  copper,  88.47  tin.  In  hot  iron  mold.  Bottom  of  mold  not 
well  stoppered,  and  part  of  metal  ran  out.    Becast — good. 

No.  25.  8.57  copper,  91.39  tin.  In  hot  iron  mold.  Ran  out  of  bottom 
of  mold.    Recast — irood. 
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No.  26.  3.72  copper,  96.31  tin.    In  hot  iron  mold — good. 

No.  27.  0.74  copper,  99.02  tin.    In  hot  iron  mold — good. 

No.  28.  0.32  copper,  99.46  tin.    In  hot  iron  mold — good. 

No.  29.  All  tin.  In  cold  iron  mold — surface  irregular.  Eecast  in 
cold  iron  mold  with  like  result.  In  hot  iron  mold  broke,  apparently  by 
shiinkage.    Eecast  several  times  in  hot  mold  before  getting  a  good  bar. 

After  casting,  the  bars  were  finished  to  a  rectangular  section  by  chip- 
ping and  filing,  and  the  more  britlle  bars  by  grinding  with  an  emery- 
wheel. 

EXTERNAL  AFPEABANGE  OF  THE  BABS. 

Much  could  be  learned  from  the  appearance  of  the  bars  after  casting, 
both  of  their  properties  and  of  their  probable  behavior  under  test  The 
following  were  characteristic  features : 

(1)  A  regular  gradation  in  color  took  place  from  bar  No.  1,  all  copper, 
down  to  No.  8,  76.64  copper,  23.24  tin,  the  polished  surface  of  which 
latter  was  light  golden  yellow.  There  was  a  regular  gradation  in  hard- 
ness, the  No.  8  ^ing  filed  with  great  difficulty. 

(2)  A  sudden  change  of  color  and  of  all  properties  took  place  at  bar 
No.  9 — 69.84  copper,  29.89  tin.  This  bar  was  silver- white  in  color,  and 
so  hard  that  it  could  not  be  touched  with  a  file.  Pieces  broken  oft' 
showed  a  smooth,  curved  or  conchoidal  fracture.  No.  10—68.58  copper, 
31.26  tin — ^was  almost  exactly  similar  to  No.  9,  and  No.  11 — 65.34  copper, 
34.47  tin— but  little  different. 

(3)  Another  change  of  color  and  properties  at  No.  12 — 62.31  copper, 
37.35  tin— wljich  bar  was  of  a  dark  bluish-gray  color,  and  the  fracture 
somewhat  similar  to  that  of  a  piece  of  granite  or  other  hard  rock.  This 
was  the  most  dense  alloy  of  the  series,  as  shown  in  the  table  of  specific 
gravities.  No.  13 — 56.70  copper,  43.17  tin — was  similar  to  No.  12,  but 
fighter  in  color  and  a  little  softer. 

(4)  Bar  No.  14 — 51.62  copper,  48.09  tin — ^was  peculiar  in  showing  a 
marked  difference  of  color  and  of  other  properties  in  the  two  ends  of 
the  bar.  The  upper  end  was  precisely  like  bar  No.  12,  while  the  bottom 
was  of  a  much  lighter  color,  granular  fracture,  and  was  so  soft  that  it 
could  be  cut  with  a  knife  like  a  piece  of  chalk  or  soapstone. 

(5)  A  change  of  properties  between  bars  No.  14  and  No.  20 — 25.85 
copper,  73.80  tin — occurred  gradually,  the  bars  becoming  whiter  and 
softer,  and  the  appearance  of  fracture  changing  from  rough  and  stony- 
like  to  crystalline  or  granular.  No.  20  could  be  cut  with  a  knife,  giving 
a  short  chip  which  had  slight  cohesion.  From  No.  20  to  No.  29  (all  tin) 
the  softness  increased  gradually.  No.  21  giving  a  malleable  chip  on  being 
cut.  From  No.  24  to  No.  29  the  appearance  of  all  the  bars  was  very 
much  the  same,  diit'ering  slightly  in  hardness,  and  scarcely  at  all  in 
color. 

From  these  appearances  it  would  have  at  once  been  conjectured  that 
bars  No.  1  to  No.  8  were  the  only  ones  likely  to  prove  of  value  where 
strength  was  required,  and  that  bars  No.  9  to  No.  18,  inclusive,  were 
deficient  in  ductility  as  well  as  in  strength,  and  for  all  practical  pur- 
poses (except,  perhaps,  the  extremely  limited  use  for  special  purposes, 
as  speculum  metal)  absolutely  worthless. 

Nearly  all  of  the  bars  appeared  to  be  good  castings,  except  the  fol- 
lowing :  No.  1,  all  coi)per,  had  several  blow-holes  in  the  upper  surface, 
chiefly  at  the  upper  end;  No.  2 — 97.89  copper,  1.90  tin — had  a  large  cav- 
ity in  the  bottom  end  of  the  bar,  about  2  inches  long  and  varying  from 
J  to  i  inch  in  diameter ;  No.  21 — 23.35  copper,  76.29  tin — ^had  a  blow- 
hole or  cavity  extending  the  whole  length  of  the  bar,  except  5  inches  of 
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the  upper  end.  Its  diameter  was  afterward  foand  to  vary  from  i  inch  to 
nearly  i  inch  in  different  parts  of  the  bar.  This  was  a  peculiar  case,  and 
nothing  resembling  it  was  met  with  in  bars  of  different  compositions. 

TBANSVEBSE  TESTS. 

Tests  of  the  first  series  by  transverse  stress  were  made  with  dead 
weights  on  an  apparatus  built  for  the  purpose,  a  sketch  of  which  is  shown 
below. 


o 


Fig.  1. 

A  A  are  two  vertical  pieces  of  timber  firmly  braced  to  base  pieces  B  B. 
Two  flat  steel  plates  are  fastened  on  the  top  of  the  vertical  timbers  and 
their  upper  surfaces  made  perfectly  level.  Two  steel  mandrels,  c  c,  J  J 
inches  in  diameter,  rest  on  these  plates  and  support  the  bar  to  be  testeil, 
D.  The  weights  are  placed  on  the  tray  E,  which  hangs  from  a  third 
mandrel  resting  on  the  upper  edge  of  the  bar  at  its  center.  The  tray, 
with  the  weights  and  mandrel,  may  all  be  raised  at  once  by  a  differen- 
tial pulley.  In  lowering,  the  pulley  is  used  till  the  mandrel  nearly 
touches  the  bar,  when  the  tumbuckle  F  is  employed  to  complete  the 
operation  gradually  and  without  shock. 

In  testing  the  bars  by  means  of  this  apparatus,  fine  lines  were  scored 
on  each  bar  to  indicate  the  position  of  the  center  and  of  the  points  of 
support.  The  latter  were  22  inches  apart  and  equidistant  from  the  cen- 
ter. The  mandrels,  o  e,  were  then  placed  on  the  flat  steel  plates,  and 
held  at  the  distance  of  22  inches  apart  between  centers,  by  calipers 
made  for  the  purpose,  and  the  bar  placed  on  the  mandrels,  with  the 
lines  marked  for  the  points  of  support  directly  above  the  centers  of  the 
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mandrels.  The  tray  and  its  attachments  Treighing  35  pounds,  all 
weights  less  than  this  in  amount  were  hung  directly  on  the  center  of  the 
bar  by  means  of  a  hook  bearing  on  its  upper  surface.  When  the  tray 
was  used  it  was  lowered  very  graduaUy  by  means  of  the  differential  pul- 
ley and  the  turnbuckle,  and  additional  weights  placed  on  the  bottom  of 
the  tray,  care  being  taken  to  keep  the  center  of  gravity  of  tray  and 
weights  always  as  nearly  as  possible  directly  under  the  center  of  the 
bar. 

Tlie  deflections  and  sets  produced  by  the  applied  loads  were  measured 
by  means  of  a  Salleron's  cathetometer,  which  gave 
readings  to  ^V^h  of  a  millimeter,  or  y-jsV^th  of  an 
inch.    This  instrument  is  shown  in  the  accompa- 
nying cut. 

The  observations  were  made  by  noting  through 
the  telescope  a  flue  dot  made  on  a  piece  of  white 
paper  glued  tb  the  center  of  the  bar.  The  cross- 
hairs of  the  telescope  were  caused  to  bisect  this 
dot,  and  the  error  of  observation  was  not  larger 
than  one  division  of  the  vernier. 

The  tables  of  results  seem  to  indicate  that  the 
sum  of  all  errors  of  observation  and  of  the  instru- 
ment might  sometimes  reach  as  high  as  ^thof  a 
millimeter  when  reading  sets,  but  was  always  less 
than  this  when  reading  deflections. 

While  -raising  and  lowering  the  weights  to  take 
readings  of  sets,  the  bar  was  prevented  from  roll- 
ing on  the  mandrels  by  two  small  pins,  which 
were  held  by  brackets  on  the  upright  timbers  of 
the  apparatus,  and  just  brought  in  contact  with 
each  end  of  the  bar.  The  slightest  change  of 
position  could  at  once  be  detected  by  the  observer 
at  the  telescope  of  the  cathetometer. 

Complete  tables  of  the  results  of  these  tests  are  I 
appended.  A  condensed  summary  of  results  is  '^ 
given  below.  In  these  appended  tables  are  given 
the  results  of  every  test  that  was  made.  In  tables 
giving  summaries  and  averages  of  results,  and  in 
curves  and  in  deductions  made  from  them,  all  tests  which  are  consid- 
ered unsatisfactory  by  reason  of  imperfections  in  the  piece  tested  or 
other  causes  are  rejected,  and  only  those  tests  which  were  made  with 
sound  test  specimens  are  retained. 


Fig.  2. 
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NOTES  ON  THE  TESTS  BY  TBANSYEBSE  STBESS. 

Bar  "No.  1,  all  copper,  proving  to  be  a  bad  sample  of  cast  copper, 
another  bar  was  made,  No.  30,  which  gave  much  better  results.  The 
great  differences  in  the  behavior  of  these  two  bars  will  be  referred  to  at 
some  length  further  on. 

In  the  appended  tables,  in  the  column  headed  "  Load,"  the  figures 
represent  the  weights  applied  to  the  bar. 

The  formula  for  deflection  of  long  bars  tested  by  transverse  stress, 
within  the  elastic  limit,  is  given  by  writers  on  resistance  of  materials  as 

PZ3  R  IS 

4:Eb€P^S     neTd^' 

where  A  is  the  deflection,  P  the  applied  load,  W  the  weight  of  the  bar 
between  supports,  E  the  coefficient  (or,  as  generally  termed,  the  modu- 
lus) of  elasticity,*  2,  6,  and  d  the  length  between  supports/breadth  and 
depth  of  the  bar.  As  the  weight  of  the  bar  between  supports  in  these 
tests  was  from  6  to  7  pounds,  4  pounds  may  be  substituted  for  |  W,  and 
the  formula  becomes — 

whence^— 

from  which  latter  formula  the  moduli  of  elasticity  given  in  the  tables  of 
tests  of  each  bar  were  calculated. 

It  will  be  observed  in  these  last  tables  that  in  many  of  them,  especially 
in  tests  of  the  stronger  metals,  the  modulus  of  elasticity  increases  slightly 

*  The  modnlas  of  elasticity  is  a  Talae  which  expresses  the  relation  hetween  the  ex'- 
tensioD,  compression,  or  other  deformation  of  a  bar,  and  the  force  which  produces  the 
deformation.  In  tensile  stress  it  is  the  load  per  unit  of  sectional  area  divided  by  the 
extension  per  unit  of  length.  In  transverse  tests  it  is  obtained  from  the  formula  given 
above.  The  valu^  of  E  found  by  tests  by  tensile  stress  is  said  to  be  the  same  as  that 
obtained  by  transverse  tests  of  long  bars.  The  formula  given  above  for  deflection  of 
bars  tested  by  transverse  stress,  viz : 

^      4E5d»' 

is  not  quit«)  accurate,  as  it  neglects  the  deflection  due  to  shearing  stress,  which  varies 
directly  as  the  load.  The  true  formula  (the  weight  of  the  bar  itself  not  being  consid- 
ered) is — 

"      4E5d»^4E,&d 

in  which  Eg  is  the  coefficient  of  elastic  resistance  to  shearing. 

In  the  tests  herein  described,  {,  in  general  is  22  inches ;  b  and  d  are  each  nearly  one 
inch.    The  formula  then  reduces  approximately  to 

.   _  I0B48  P   ,  22  P 

^  ~  ~4E~  ■♦■  Te;' 

The  value  of  Ea  is  shown  (see  Wood's  ''Resistance  of  Materials")  never  to  be  greater 
than  }  E,  which  would  make  the  last  term  of  the  above  equation 

2  X22  44 


5X4E       20E' 

which  is  only  -j^ra  o^  the  first  term  of  the  second  member  of  the  equation.  The  resist- 
ance to  shearing  may  therefore  be  neglected  in  calculating  the  modulus  of  elasticity 
from  transverse  test«  of  bare  22  inches  Iouk,  as  the  error  thereby  introduced  is  less  than 
one-tenth  of  1  per  eent.    The  error  is  much  larger,  however,  with  shorter  bars. 
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• 

at  the  beinnDing  of  the  test,  then  remaiDS  nearly  constant  for  a  certain 
distance,  or  slowly  approaches  a  maximum ;  and  then  at  first  slowly 
and  afterward  very  rapidly,  decreases  to  the  breaking  point.  This  corre- 
sponds with  what  is  shown  in  the  plotted  curve  of  defle<*tions,  \iz,  the 
beginning  of  the  curve  sometimes  shown  a  slight  curvature  convex  to 
the  axis  of  abscissas,  then  a  straight  line  slightly  inclined  from  the 
vertical.  The  inclination  from  the  vertical  then  increases,  at  first  slowly 
and  afterward  more  rapidly,  till  the  curve  takes  a  more  nearly  horizontal 
direction.  . 

In  the  table  given  above,  the  figures  in  the  column  headed  "  Modalns 
of  elasticity"  are  those  which  are  considered  the  most  probable  moduli 
within  the  elastic  limit,  or  which  most  nearly  represent  the  relation 
between  the  stresses  and  the  distortions  within  that  limit.  In  most 
cases  the  maximum  modulus  given  in  the  tables  of  tests  of  each  bar  is 
selected,  unless  the  deflection  corresponding  to  the  maximum  is  so  small 
a  quantity  as  to  render  the  probable  error  of  the  observation  a  large 
portion  of  the  apparent  deflection. 

In  a  few  instances  the  apparent  modulus  at  the  beginning  of  the  test 
is  much  smaller  than  it  soon  afterward  becomes ;  and  this  indicates  a 
possible  error  of  the  observations  at  this  part  of  the  test.  The  moduli 
of  these  bars,  given  in  the  above  table,  are  therefore  determined  by 
rejecting  the  deflections  at  the  beginning  of  the  test,  and  taking  the 
ratio  of  distortion  to  stress  at  a  point  where  this  ratio  becomes  sensibly 
constant. 

In  the  column  headed  "Modulus  of  elasticity,"  the  figures  of  deflec- 
tions and  loads  corresponding  to  the  assumed  most  probable  moduli  are 
given.  The  tests  in  which  the  first  portion  was  rejected  in  obtaining 
the  modulus  are  indicated  in  the  figures  of  load  by  giving  the  limits 
between  which  the  modulus  is  taken. 

The  modulus  of  rupture*  is  found  from  the  formula 

where  P  is  the  applied  load  causing  fracture,  W  the  weight  of  the  bar 
between  the  supports,  and  l,  6,  and  d  length,  breadth,  and  depth  as 
before. 

Substituting  an  approximate  value  for  the  weight  of  the  bar  we  have 

where  P  is  the  applied  load. 

*  The  modulus  of  rupture  is  defined  by  some  writers  as  ''  the  strain  at  the  instant  of 
rupture  upou  a  unit  of  the  section  which  is  most  remote  from  the  neutral  axis  on  the 
side  which  first  ruptures"  (Wood's  Resistance  of  Materials,  ii,  edit.,  1875,  p.  79).  It 
is  used  here  as  a  means  of  comparing  the  transverse  strength  of  bars  of  different 
breadths  and  depths,  the  strength  of  bars  tested  by  transverse  stress  varying  directly 
as  the  load,  directlv  as  the  length,  and  inversely  as  the  breadth  and  the  square  of  the 
depth,  or  in  casesoi  bars  supported  at  both  ends  and  loaded  in  the  middle,  as  expressed 
by  the  formula 

26rf» 
If  the  dimensions  are  all  reduced  to  unity,  the  formula  becomes 

R  =  ?P. 

In  other  words,  the  modulus  of  rupture  is  a  value  which  is  proportional  t-o  the  trans- 
verse strength  of  a  bar,  and  is  theoretically  equivalent  to  one  and  a  half  times  the 
load  which  would  break  a  bar  one  unit  in  length,  in  breadth,  and  in  depth,  supported 
at  both  ends  and  loaded  in  the  middle. 
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The  more  ductile  bars,  as  seen  in  tbe  tables  of  tests,  bent  withoat 
breaking.  The  correct  modnliis  of  rupture  in  these  cases,  therelore, 
could  not  be  determined,  and  it  was  necessary  to  assume  a  given  amount 
of  bending  as  equivalent  to  breaking  the  bar  or  rendering  it  useless. 
This  was  taken  at  a  deflection  (while  the  load  rested  on  the  bar)  of  3^ 
inches,  and  the  modulus  of  rupture  is  calculated  from  the  load  causing 
this  maximum  deflection,  as  aflbrding  a  means  of  comparing  the  trans- 
verse sti*engths  of  all  the  ductile  bars  which  were  tested. 

The  limit  of  elasticity  is  taken  to  be  the  point  at  which  the  deflections 
begin  (usually  suddenly)  to  increase  in  a  greater  ratio  than  the  applied 
loads,  and  in  the  plotted  curves  of  defle<5tions  it  is  the  point  at  which  the 
curve  begins  to  diverge  from  its  original  and  nearly  vertical  direction  and 
becomes  nearly  horizontal. 

This  point  is  not  always  clearly  defined,  and  it  is  difScult  to  fix  its 
exact  position. 

The  limit  of  elasticity  coincides  in  some,  though  not  in  all,  cases  with 
the  first  observed  set  or  point  at  which  the  bar  under  test  exhibits  a  de- 
flection after  the  load  is  removed. 

The  point  of  ^<  lirst  appreciable  set"  given  in  the  tables  is  taken  as  a 
set  of  O.OI  inch,  which  is  an  amount  much  beyond  the  limits  of  error  of 
observation. 

For  the  purpose  of  comparing  the  resistances  of  the  different  bars  to 
stress  at  the  elastic  limit  and  at  the  first  appreciable  set,  with  their  re- 
sistances at  the  points  of  final  rupture,  values  of 

are  taken,  in  which  P]  is  the  load  corresponding  to  the  limit  of  elasticity 
or  to  appreciable  set. 

BEHAYIOB  OF  THE  BABS  UNDER  STRESS. 

A  glance  at  the  table  of  results  given  above  shows  that  flpom  bar  No. 
1  (all  copi)er)  to  bar  No.  7 — 80.95  copper,  18.84  tin — inclusive,  there  was 
a  gradual  increase  of  strength,  except  in  the  cases  of  bars  No,  2  (97.89 
copper,  1.90  tin)  and  No.  6  (87.15  copper,  12.73  tin),  which  were  defect- 
ive. Bars  No.  2  to  No.  6  (1.90  tin  to  9.58  tin)  showed  great  ductility  as 
well  as  strength,  as  deflections  exceeding  4^  inches  were  given  them 
without  breaking.  Bar  No.  1  (all  copper)  broke  after  a  deflection  of  2.306 
inches,  while  bar  No.  30,  also  copper,  bent  (as  shown  in  the  appendix)  to 
about  8  inches  before  breaking,  showing  a  marked  difference  in  ductil- 
ity as  Well  as  in  strength.  This  was  due  probably  to  oxidation  of  the 
copper  in  bar  No.  1  by  repeated  melting  and  casting. 

Bar  No.  7  (80.95  copper,  18.84  tin)^  the  strongest  of  the  series,  showed 
comparatively  little  ductilitv,  breaking  after  a  deflection  of  little  over 
half  an  inch.  From  No.  8.  to  No.  13  (23.24  to  43.17  tin)  inclusive,  there 
is  a  regular  and  very  ra])id  decrease  both  in  strength  and  ductility,  the 
latter  being  the  weakest  bar  of  the  series,  showing  only  about  ^  th  of 
the  strength  of  No.  7  and  a  deflection  of  only  0.0103  inch.  As  before 
stated,  this  bar  gave  great  trouble  in  casting  by  breaking  in  the  mold. 
Bar  No.  9  (69.84  copper,  29.89  tin)  which,  in  appearance,  also  differed 
remarkably  from  2^o.  8  (76.64  copper,  23.24  tin)  had  less  than  f  of  its 
strength  and  less  than  J  of  the  strength  of  No.  7,  which  latter  differed 
only  10  per  cent,  from  it  in  composition  by  original  mixture  or  11  per 
cent,  by  analysis.  Bars  No.  14  to  No.  20  (4b.09  to  73.80  tin),  inclusive, 
show  a  somewhat  irregular  variation  in  strength  and  ductility,  but  all  of 
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ihem  are  worthless  as  regards  either  of  these  qaalities,  the  best  having 
only  about  4-th  of  the  strength  of  the  maximum,  and  a  deflection  of  only 
0.123  inch  before  breaking.  Bar  No.  21  (23.35  copper,  76.29  tin)  shows 
considerably  greater  strength  and  ductility  than  any  of  the  series  be- 
tween No.  8  and  No.  20,  and  greater  strength  than  any  from  No.  8  to  No. 

29  (all  tin),  thus  giving  what  may  be  called  a  second  maximum  point  of 
strength  in  the  series.  This  bar  had  a  cavity  extending  throughout 
nearly  its  whole  length. 

No  21  to  No.  24  (70.29  to  88.47  tin)  have  much  higher  strength  tb.an 
those  above  and  below  them  in  series,  showing  that  the  second  maximum 
point  of  strength  is  approached  by  bars  having  a  difference  of  over  10 
l)er  cent,  in  composition.  From  No.  25  to  No.  29  (91.39  to  100  tin)  there 
is  a  somewhat  irregular  decrease  of  strength,  but  a  very  great  increase 
of  ductility,  bar  No.  29  (all  tin)  showing  the  maximum  ductility  of  the 
series  and  a  second  minimum  of  strength.  Bars  No.  26  to  No.  29,  inclu- 
sive, bent  without  breaking,  as  did  those  from  No.  2  to  No.  6  (1.90  to  12. 
73  tin)  at  the  other  end  of  the  series. 

With  reference  to  the  relation  of  the  elastic  limit  to  the  ultimate  trans- 
verse resistance,  it  will  be  seen  that  from  bars  No.  1.  to  No.  7,  inclusive, 
the  elastic  limit  occurred  at  from  35  to  Go  ])er  cent,  of  the  nltimate  re- 
sistance. At  No.  8  the  limit  of  elasticity  approached  nearly  if  not  quite 
the  ultimate  resistance;  and  from  No.  9  to  No.  18  (29.89  to  61.32  tin),  in- 
clusive, the  two  coincided,  i,  «.,  the  elastic  limit  was  not  reached  till  the 
bar  broke.  From  No.  19  (34.22  copper,  65.80  tin)  to  the  end  of  the  series 
(all  tin)  the  elastic  limit  wa«  again  reached  before  fracture,  the  ratio  de- 
creasing to  No.  22  (20.25  copper,  79.63  tin),  and  then  remaining  appreci- 
ably constant  at  from  20  to  30  per  cent,  to  the  end  of  the  series. 

By  this  table,  therefore,  the  relation  which  the  composition  bears  to 
the  mechanical  properties  of  strength,  ductility,  and  elastic  resistance 
is  defined  with  tolerable  exactness. 

It  is  seen  that  bars  from  No.  1  to  No.  8,  inclusive,  have  considerable 
strength,  and  that  {ill  the  rest  are  practically  worthless  for  all  purposes 
where  strength  is  required.  The  dividing  line  between  the  strong  and 
the  brittle  alloys  is  precisely  that  at  which  the  color  changes  from  golden- 
yellow  to  silver- white,  viz,  at  a  composition  containing  between  24  and 

30  per  cent,  of  tin ;  alloys  containing  more  than  24  per  cent,  tin  are 
comparatively  valueless. 

Referring  to  Tables y  which  are  appended,  a  short  account  of  the 

behavior  of  each  bar  will  now  be  given. 

Bar  No.  1  (cast  copper). — Weights  were  applied,  one  pound  at  a  time, 
until  7  pounds  were  reached  (11  pounds,  including  the  eliective  weight 
of  the  bar)j  when  the  first  deflection  was  observed,  0.004  inch.  The  load 
was  then  increased  5  or  10  pounds  at  a  time  until  100  pounds  were 
reached;  after  each  increase  and  the  reading  of  the  corresponding  de- 
flection, the  load  was  all  removed  and  a  reading  of  the  set  taken.  After 
100  pounds  each  increase  was  made  25  pounds,  removing  the  load  and 
reading  the  set  each  time  after  reading  the  deflection.  A  set  of  0.0016 
inch  was  observed  when  the  load  of  12  pounds  was  removed,  but  as 
readings  of  sets  up  to  225  pounds  were  irregular  and  never  exceeded 
0.007  inch,  these  readings  may  be  erroneous,  the  error  being  due  to  a 
combination  of  several  causes,  viz,  personal  errors  of  observation  of  the 
bisection  of  the  cross-hairs  in  the  telescope  of  the  dot  observed  by  it, 
and  of  the  reading  of  the  vernier;  slight  lateral  shifting  of  the  bar  on 
the  rollers,  and  a  slight  compression  of  the  skin  of  the  bar  at  the  points 
which  touched  the  rollers.  The  first  three  errors  named  would  not 
amount  to  more  than  0.001  inch  each,  and  might  either  increase  or  de- 
crease the  reading.    The  last  would  act  only  to  increase  the  reading, 
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and  would  vary  in  amonnt  with  the  condition  of  the  surface  resting  on 
the  rollers,  the  rougher  the  surface  the  greater  the  amount  of  compres- 
sion by  the  rollers.  This  error  could  be  eliminated  only  by  polishing  the 
bars  at  the  points  which  rested  on  the  rollers  and  taking  all  precautions 
to  insure  a  perfectly  fair  bearing.  It  would  increase  the  apparent  deflec- 
tions by  about  the  same  quantity  by  which  the  sets  were  increased,  and 
this  may  account  for  the  fact  that  the  apparent  deflections  at  the  begin- 
ning of  a  test  often  bear  a  greater  ratio  to  the  applied  load  than  at  a  sub- 
sequent stage  of  the  test,  thus  showing  an  apparently  lower  modulus  of 
elasticity  at  the  beginning  of  the  test  than  just  before  reaching  the  elastic 
limit. 

The  sum  of  these  errors  possibly  amounting  to  0.007  inch,  the  point 
which  has  been  taken  as  a  standard  of  comparison  of  ^'  first  appreciable 
set "  of  the  different  bars  is  a  set  of  0.01  inch.  In  bar  No.  1  this  amount 
of  set  took  place  after  the  apr>lication  and  removal  of  the  load  of  250 
pounds.  The  elastic  limit  is  taken  at  225  })ounds,  this  being  the  x>oint 
where  the  deflections  evidently  begin  to  increase  in  a  greater  ratio  than 
the  applied  loads.  At  450  pounds  the  deflection  of  the  bar  was  observed 
to  increase  slightly  as  the  load  was  left  on  for  five  minutes,  and  the  same 
phenomenon  was  again  observed  at  600  pounds.  An  increase  of  deflec- 
tion was  observed  on  the  second  application  of  every  load  after  400 
pounds.  Except  where  otherwise  stated,  in  this  and  in  all  other  tests, 
the  load  was  left  on  the  bar  only  long  enough  for  a  reading  to  be  taken, 
and  the  repetition  of  the  observation  to  insure  correctness,  the  time  re- 
quired being  from  one  to  two  minutes. 

After  650  pounds  had  been  placed  on  the  bar,  and  then  removed  and 
the  re^ading  of  the  set  taken,  a  small  crack  was  discovered  on  the  under 
side  of  the  bar,  near  the  middle,  and,  on  gradually  replacing  the  weight  of 
549  pounds,  the  bar  broke.  The  fracture  showed  the  bar  to  be  a  poor 
one,  being  spongy  and  full  of  blow-holes,  the  largest  of  which  was  4  inch 
in  diameter.* 

An  analysis  was  made  of  the  turnings  of  this  bar  and  also  of  bar  ^o, 
30  for  the  purpose  of  learning  whether  the  chemical  composition  would 
throw  any  light  upon  the  causes  of  the  presence  of  the  blow-holes  and 
the  lack  of  ductility  of  this  bar  as  compared  with  that  of  other  bars  sub- 
sequently tested. 

The  result  was  the  discovery  of  an  extraordinary  amount  of  suboxide 
of  copper  in  bar  No.  1.  This  was  no  doubt  formed  in  the  repeated  melt- 
ings which  the  bar  had  undergone. 

The  following  are  the  analyses : 


Metallic  iron 

Hotallio  cino 

Metallic  silver 

Metallic  arsenic — 
Metallic  aDtimoDj . 

Metallic  tin 

Metallic  bismnth  . . 

Mtjtallio  lead 

Metallic  copper . . . . 
Saboxide  ox  copper 
Carbon 


lfo.1. 


100. 055 


No.  30. 


Per  cent 

Percent 

0.020 

O.OU 

0.014 

0.057 

0.035 

0.014 

none 

none 

none 

none 

none 

none 

none 

trace 

trace 

87.000 

96.330 

12.086 

3.580 

none 

90,996 


A  graphic  representation  of  the  test  of  this  and  other  bars  is  given 
on  Plate  No.  XVI.  The  curves  graphically  representing  these  tests 
exhibit  the  relative  behavior  of  each  bar  much  better  than  the  tables. 


*  See  aoconnt  of  bar  No.  30  for  a  test  of  a  good  bar  of  copper. 
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Bar  No.  2  (97.89  copper,  1.90  tin).— This  bar  was  tested  in  the  same 
manner  as  No.  1  bnt  with  less  frequent  readings  of  sets,  only  two  being 
made  before  200  pounds  was  placed  on  the  bar;  these  readings  showed 
no  set.  At  200  pounds  a  set  of  nearly  O.Ol  inch  was  observed.  The 
deflections  begin  to  increase  more  rapidly  than  the  loads  after  reaching 
175  pounds,  which  load  is  taken  as  at  the  elastic  limit.  At  275  pounds 
the  bar  was  noticed  to  sink  slowly  after  tlie  load  was  applied,  but  the  load 
was  increased  without  stopping.  At  375  pounds  the  bar  appeared  to 
sink  quite  rapidly.  At  475  500,  and  550  pounds  the  load  was  left  on 
the  bar  3, 10,  and  3  minutes  respectively,  producing  a  large  increase 
of  deflection  each  time.  At  575  pounds  the  bar  bent  rapidly  and  slid 
through  between  the  supports.  As  a  deflection  of  3^  inches  was  caused 
by  the  load  of  550  x>ounds,  this  is  considered  as  the  breaking  weight, 
from  which  the  modulus  of  rupture  is  calculated. 

The  bar  was  finally  broken  by  bending  alternately  in  contrary  direc- 
tions, and  the  principal  cause  of  its  weakness  in  comparison  with  the 
copper  bar  wa«  found  to  be  its  spongy  structure. 

A  vast  number  of  very  minute  blow-holes,  almost  microscopic  in  size, 
were  found.  Further  tests  on  pieces  of  this  bar  showed  this  structure 
throughout  all  the  upper  portion  of  the  bar,  but  the  lower  portion  was 
much  more  compact.  As  this  structure  may  probably  be  due  to  acci- 
dental causes,  and  not  inseparable  from  its  composition,  the  strength 
shown  by  this  particular  bar  is  thought  to  be  beneath  that  which  may 
be  expected  from  other  bars  of  the  same  composition,  and  hence  the  bar 
is  not  given  in  the  curve  showing  the  relation  of  transverse  strength  to 
comx)osition,  Plate  I.  The  modulus  of  elasticity  is  less  than  that  of  any 
other  bar  from  No.  1  to  No.  6. 

BarNo.3  (96.06  copper,  3.76  tin). — This  bar  proved  to  be  much  stronger 
than  either  of  the  preceding.  A  set  of  0.01  inch  took  place  at  400 
pounds,  and  the  limit  of  elasticity  is  considered  to  have  been  reached  at 350 
pounds.  At  600  pounds  the  bar  was  observed  to  sink  while  under  stress, 
and  it  was  left  for  50  minutes,  the  deflection  increasing  during  that  time 
from  0.181  to  0.252  inch ;  the  rate  of  increase  of  deflection  gradually 
diminishing,  the  first  10  minutes  showing  an  increase  of  0.048  inch,  the 
next  20  minutes  0.015  inch,  and  the  next  20  minutes  0.008  inch.  The 
same  phenomenon  was  noticed  several  times  during  the  test,  the  bar 
once  being  left  under  stress  of  850  pounds  for  15  hours  45  minutes,  the 
last  15  hours  of  the  time  showing  a  much  less  increase  of  deflection  than 
the  first  five  minutes. 

From  the  test  of  this  bar,  and  others  in  like  manner,  it  appears  that 
the  increase  of  deflection  finally  ceases,  provided  the  load  is  not  greater 
than  a  certain  limit  for  each  bar.  When  the  load  is  too  great  a  stiU 
more  curious  phenomenon  is  observed,  as  in  the  case  of  the  bar  in  ques- 
tion, when  a  load  of  1,000  pounds  was  placed  on  it,  viz,  the  decrease  of 
the  rate  of  increase  of  deflection,  and  again  after  a  certain  time  the  in- 
crease of  this  rate  till  the  bar  finally  breaks  down.  In  this  case  the  in- 
crease of  deflection  with  the  first  five  minutes  was  0.422  inch,  in  the  next 
five  minutes  0.120  inch,  showing  a  decreasing  rate ;  in  the  next  30  min- 
utes 0.442  inch,  showing  a  slight  increase  of  the  rate,  and  in  the  next  30 
minutes  3.532  inches,  showing  a  very  rapid  increase.  At  this  point  the 
bar  had  a  deflection  of  7.634  inches  and  the  tray  reached  the  base  of  its 
supports,  thus  ending  the  test.  On  breaking  this  bar,  the  fracture 
showed  a  homogeneous  metal  free  from  blow-holes. 

Bar  No.  4  (92.11  copper,  7.80  tin). — A  set  of  0.01  inch  was  reached  at 
600  pounds,  and  the  elastic  limit  at  575  pounds.  The  effect  of  allowing 
the  load  to  remain  on  the  bar  was  observed  several  times  after  950 
pounds  had  been  reached,  with  similar  results  to  those  indicated  when 
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describing  the  behavior  of  bar  N"o.  3.  At  1,350  pounds  the  deflection 
increased  in  30  minntes  from  3.220  inches  to  0.700  inches,  when  the  bar 
slid  through  between  the  supports.  On  breaking  the  bar,  after  bend- 
ing in  contrary  directions,  the  fracture  showed  a  compact-looking  metal, 
of  an  earthy  appearance,  with  scarcely  any  luster,  and  with  only  a  few 
very  small  blow-holes.  The  color  wa«  not  entirely  homogeneous,  some 
parts  being  more  grayish  than  others,  the  general  color  being  reddish- 
yellow. 

Bar  N"o.  5  (90.27  copper,  0.58  tin), — A  set  of  0.01  inch  was  reached  at 
600  pounds,  and  the  elastic  limit  at  the  same  point.  Time-tests  were 
made  after  950  pounds  were  applied,  but  ii^io  case  was  a  load  left  longer 
than  16  minutes.  The  behavior  of  this  bar  was  very  similar  to  that  of 
bar  No.  4,  the  deflections  corresponding  to  the  various  loads  being  nearly 
the  same  for  each  bar.  Its  ultimate  strength,  however,  was  greater, 
1,485  pounds  being  required  to  give  it  a  deflection  of  3^  inches,  the 
same  increasing  the  deflection  in  13  minutes,  to  7.534  inches,  causing 
the  tray  to  reach  the  base  of  its  supports.  In  breaking  the  bar,  it  was 
first  bent  by  pressure  until  the  twQ  ends  touched,  and  then  bent  in  a 
reverse  direction,  but  broke  before  being  straightened.  The  fracture 
showed  a  dense,  compact  metal,  but  not  entirely  homogeneous  in  color 
or  structure.  There  were  a  few  small  blow-holes,  and  the  lower  part  of 
the  fracture  was  of  a  dull,  earthy  appearance,  with  portions  of  a  fibrous 
appearance.  The  color  was  duU  reddish-yellow,  except  a  distinctly 
large  spot  in  the  center  of  a  very  dark  red  (darker  than  copper)  and  a 
few  small  yellow  spots.  This  metal,  although  stronger  than  any  of  the 
bars  previously  tested,  is  probably  not  so  strong  as  it  might  have  been 
had  it  been  homogeneous. 

Bar  No.  6  (87.15  copper,  12.73  tin). — ^A  set  of  0.01  inch  was  reached  at 
400  pounds  and  elastic  limit  at  300.  A  few  "time-tests'^  were  made, 
showing  increase  of  deflection  under  constant  load  after  700  pounds. 
The  bar  proved  to  be  much  weaker  than  the  two  which  preceded  it,  and 
broke  at  1,050  pounds.  The  cause  of  the  weakness  was  at  once  shown 
by  the  appearance  of  the  fracture.  Two  distinct  colors  were  seen,  golden- 
yellow  and  silver-gray,  finely  mottled  together  over  the  whole  surface  of 
the  fracture,  indicating  that  liquation  or  an  imperfect  mixture  of  the 
two  metals  bad  taken  place,  and  that  the  two  colors  were  probably  those 
of  two  distinct  alloys,  intimately  mixed.  The  modulus  of  elasticity,  as 
well  as  the  limit  of  elasticity,  and  the  ultimate  strength  of  this  bar  are 
very  low,  and  as  the  bar  is  considered  a  defective  one,  like  bar  No.  2 
(97.89  copper,  1.90  tin),  the  results  are  omitted  in  constructing  curves. 
It  will  be  observed  that  the  modulus  of  elasticity  is  less  than  that  of  any 
bar  from  No.  J  to  No.  11  (all  copper,  to  65.34  copper,  34.47  tin). 

Bar  No.  7  (80.95  copper,  18.84  tin). — This  bar  proved  to  be  the  strongest 
of  the  series.  A  set  amounting  to  0.01  inch  was  not  detected  until  900 
pounds  had  been  placed  on  the  bar,  and  this  was  increased  only  to  0.016 
inch  at  1,200  pounds.  The  limit  of  elasticity  appears  to  be  passed  at 
1,150  pounds.  The  load  of  1,750  pounds  was  allowed  to  remain  on  the 
bar  for  J5  hours,  during  which  time  the  deflection  increased  0.027  inch. 
At  the  end  of  the  15  hours  the  load  was  removed  and  a  reading  of  the 
set  taken.  The  load  was  then  replaced  gradually,  the  last  portion  of 
the  1,750  pounds  being  replaced,  a  pound  at  a  time.  The  last  pound 
had  been  replaced,  and  the  reading  of  the  deflection  was  about  to  be 
made,  when  the  bar  suddenly  broke  at  a  point  2  inches  from  the  middle. 
The  fracture  showed  a  close,  compact  structure,  and  a  reddish  or  pinkish 
gray  color,  entirely  diflerent  from  that  of  any  of  the  bars  ])reviousIy 
tested.    Although  this  bar  is  the  strongest  of  the  series,  it  has  much 
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less  power  to  resist  sndden  shocks,  in  consequence  of  its  lack  of  ductility, 
the  maximnm  deflection  being  only  0.537  inch. 

Bar  No.  8  (76.04  copper,  23.24  tin).— The  behavior  of  this  bar  was 
similar  to  that  of  No.  7,  but  it  was  much  weaker  and  had  much  less 
ductility,  breaking  with  the  load  of  975  pounds,  and  showing  a  maxi- 
mum deflection  of  but  0.191  inch.  No  set  amounting  to  0.01  inch  was 
found,  the  greatest  being  0.0055  inch  at  900  pounds.  The  elastic  limit 
was  apparently  not  reached  till  fracture  took  place,  the  ratio  of  deflec- 
tion to  the  loads  remaining  constant  throughout  the  whole  test.  The 
ftucture  showed  a  metal  somewhat  similar  to  No.  7,  but  lighter  in  color. 

Bar  No.  9  (69.84  copper,  ^.89  tin).— This  bar  showed  great  lack  of 
both  strength  and  ductility,  breaking  at  360  pounds  after  a  deflection  of 
0.002  inch.  As  with  bar  No.  8,  no  set  amounting  to  0.01  inch  could  be 
detected,  and  the  elastic  limit  was  not  reached  till  triicture  took  place. 
The  fracture  showed  a  metal  of  an  entirely  different  character  from  any 
of  those  previously  tested,  almost  a«  brittle  as  glass,  with  a  vitreous  ap- 
pearance and  brilliant  luster,  almost  silver- white  in  color,  with  no  indi- 
cation of  the  presence  of  copper,  which  formed  70  per  cent,  of  its  weight 
The  shape  of  the  fracture  was  peculiar;  a  side  view  of  it  is  shown 
below : 


^^      ci:     I 


Fig.  3. 

Bar  No.  10  (68.58  copi>er,  31.26  tin). — ^This  bar  was  almost  precisely 
similar  in  appearance  and  action  under  test  to  bar  No.  9,  but  showed 
a  still  less  degree  of  strength  and  ductility,  breaking  at  275  pounds, 
after  a  deflection  of  0.043  inch.  As  in  the  case  of  bar  No.  9,  no  set  of 
0.01  inch  and  no  elastic  limit  were  reached  before  fracture. 

Bar  No.  11  (65.34  copper,  34.47  tin). — This  bar  exhibited  still  less 
strength  and  ductility  than  either  of  the  preceding,  breaking  at  140 
pounds,  after  a  -deflection  of  0.02  inch,  showing  no  set  and  no  elastic 
limit  before  fracture.  The  structure  as  shown  by  the  fracture  was  quite 
different  from  those  of  bars  No.  8  and  No.  9,  being  rough  granular 
instead  of  vitreous.  The  modulus  of  elasticity  increases  from  the  begin- 
ning to  the  end  of  the  test,  reaching  a  much  higher  figure  than  any  of 
the  preceding  bars. 

Bar  No.  12  (62.31  copper,  37.35  tin)  was  still  more  brittle  and  weaker 
than  No.  11.  It  broke  at  80  pounds,  after  a  deflection  of  0.032  inch.  A 
set  of  0.103  inch  was  observed  at  70  pounds,  but  no  limit  of  elasticity 
was  detected.  The  fracture  showed  a  metal  of  much  darker  color  than 
No.  11,  and  of  an  appearan<*.e  somewhat  like  stone.  This  metal  had  a 
greater  specific  gravity  than  any  other  in  the  series.  Its  modulus  of 
elasticity  is  less  than  one-half  of  that  of  bar  No.  11. 

Bar  No.  13  (56.70  copper,  43.17  tin). — The  weakest  and  most  brittle  of 
the  series,  breaking  at  GO  pounds,  after  a  deflection  ot  only  0.0103  inch, 
with  no  apparent  set  and  no  elastic  limit  before  fracture.  The  appear- 
ance of  the  fractured  metal  was  somewhat  similar  to  that  of  No.  12,  but 
lighter  in  color. 

Bar  No.  14  (51.62  copper,  48.09  tin). — ^This  bar  was  shorter  than  the 
rest  of  the  bars  of  the  series,  its  length  between  supports  being  17| 
inches.  It  proved  to  be  somewhat  stronger  than  No.  13,  breaking  at  140 
pounds,  after  a  deflection  of  0.040  inch.  A  set  of  0.01  inch  was  ob- 
served at  65  pounds,  but  it  had  increased  only  to  0.019  at  130  pounds, 
and  no  elastic  limit  was  reached  before  fracture.    This  bar  showed  a  dif- 
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ference  of  structure  and  color  at  the  two  ends,  due  to  liquation  or  sepa- 
ration of  the  metals  into  distinct  alloys ;  the  chemical  analyses  of  sam- 
ples taken  from  the  two  ends  showed  a  difference  of  composition  of  more 
than  10  jper  cent.  The  modulus  of  elasticity  is  exceptionally  low.  This 
may  possibly  be  due  to  errors  of  observation  of  deflection. 

Bar  No.  15  (47.61  copper,  52.14  tin). — Broke  at  105  pounds  after  a  de- 
flection of  0.019  inch.  No  set  was  detected,  and  no  limit  of  elasticity 
before  fracture. 

Bar  No.  10  (44.62  copper,  52.28  tin). 

Bar  No.  17  (42.38  copper,  57.30  tin). 

Bar  No.  18  (38.37  copper,  61.32  tin). 

These  three  bars  were  all  si  miliar  in  behavior  to  No.  15,  very  weak  and 
brittle,  giving  no  sets  amounting  to  0.01  inch,  and  no  elastic  limits  before 
fracture.  No.  17  gave  a  modulus  of  elasticity  much  higher  than  any 
other  bar  of  the  series. 

Bar  No.  19  (34.22  copper,  65.80  tin). — This  wa«  similiar  to  the  four 
preceding  bars,  but  took  a  set  of  0.0118  inch  at  130  pounds.  The  posi- 
tion of  the  elastic  limit  is  very  doubtful,  but  it  appears  to  have  been 
passed  at  100  pounds.  The  modulus  of  elasticity  is  less  than  half  of  that 
of  No.  17.  It  appears  that  the  modulus  decreases  from  this  bar  to  the 
end  of  the  series,  but  with  considerable  irregularity. 

Bar  No  20  (25.85  copper,  73.80  tin).— Weak  and  brittle  like  No.  19, 
but  had  a  sligntly  greater  ductility,  showing  a  deflection  of  0.121  inch 
before  breaking,  and  a  set  of  0.01  inch  at  120  pounds.  It  broke  at  240 
pounds,  and  the  elastic  limit  appears  to  have  been  passed  at  about  140 
pounds.  The  color  and  appearance  of  the  fracture  were  similiar  to  those 
of  the  five  preceding  bars.  The  modulus  of  elasticity  is  highest  at  the 
beginning  of  the  test,  and  rapidly  decreases  from  the  beginning  to  the 
end.  This  is  common  to  all  the  bars  from  No.  20  to  No.  29  inclusive,  and 
is  characteristic  of  all  the  ductile  metals  which  have  no  well  defined 
limit  of  elasticity.  The  moduli  of  these  bars,  given  in  the  above  table 
of  results,  are  in  general  those  corresponding  to  deflections  of  0.01  inch. 

Bar  No.  21  (23.35  copper,  76.29  tin). — This  bar  was  remarkable  in  hav- 
ing a  hole  extending  from  the  bottom  throughout  nearly  its  whole  length. 
The  hole  varied  in  size  and  shape  in  different  parts  of  the  bar.  At  the 
point  of  fracture,  it  was  nearly  circular  in  section,  about  J  inch  in  diam- 
eter, and  nearly  in  the  center  of  the  section.  Notwithstanding  the  pres- 
ence of  this  cavity,  the  bar  proved  to  be  stronger  than  any  of  the  bars 
from  No.  9  to  No.  29.  It  broke  at  370  pounds,  after  a  deflection  of  0.269 
inch.  A  set  of  0.01  inch  was  reached  at  150  pounds,  and  the  elastic 
limit  was  reached  at  140  pounds.  The  fracture  showed  a  light-gray,  fine 
granular  appearance,  slightly  darker  than  No.  20. 

Bar  No.  22  (20.25  copper,  79.63  tin). — This  bar  was  somewhat  weaker 
than  No.  21,  but  more  ductile,  breaking  at  300  i)ounds,  after  a  deflection 
of  0.345  inch.  The  load  of  100  pounds  produced  a  set  of  0.118  inch,  and 
the  elastic  limit  was  rea<5hed  at  the  same  load.  The  fracture  showed  a 
coarse  granular,  crystalline  structure  and  a  very  light-gray  color. 

Bar  No.  23  (15.08  copper,  84.62  tin)  was  weaker  and  more  ductile 
than  No.  22.  It  broke  at  270  i)ounds,  after  a  deflection  of  0.858  inch. 
A  load  of  50  pounds  produced  a  set  of  0.0095  inch,  and  the  elastic  limit 
was  reached  at  60  pounds.  "Time-tests,''  lasting  one  and  two  minutes, 
were  made  at  various  loads  greater  than  170  pounds,  showing  increase 
of  deflection  with  each  test  The  fracture  was  light  grayish- white,  with 
large  crystalline  structure,  almost  precisely  similiar  in  appearance  to  No. 
19,  which  varied  from  it  in  composition  more  than  20  per  cent. 

Bar  No.  24  (11.49  copper,  88.47  tin). — This  bar  was  a  little  stronger, 
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and  very  much  more  ductile,  than  No.  23.  It  broke  at  300  pounds,  after 
a  deflection  of  5.849  inches.  A  set  of  0.01  inch  was  probably  given  b^^ 
a  load  of  85  pounds,  the  reading  for  75  pounds  being  0.0063  inch,  and 
for  100  pounds  0.205  inch.  The  limit  of  elasticity  appears  to  have  been 
passed  at  75  pounds.  At  200  pounds  the  deflection  increased  in  one 
minute  from  0.341  to  0.436  inch ;  at  270  pounds  it  increased  in  two  min- 
utes from  0.075  to  1,502  inches,  and  at  290  pounds  it  increased  in  one 
minute  from  2.128  to  2.562  inches.  When  300  pounds  was  placed  on  the 
bar,  it  sank  down  rapidly  and  broke  in  about  20  seconds,  the  deflection 
increasing  before  breaking  from  2.739  to  5.849  inches. 

Bar  No.  25  (8.57  copper,  91.39  tin). — This  bar  showed  a  less  strength 
than  No.  24,  with  greater  ductility.  It  broke  at  160  pounds,  after  being 
left  under  that  stress  for  several  hours.  A  set  of  0.0118  inch  was  pro- 
duced by  a  load  of  60  pounds,  and  the  elastic  limit  was  apparently 
reached  at  40  pounds.  When  100  pounds  was  placed  on  the  bar,  the 
deflection  was  observed  to  increase  with  the  time  it  was  allowed  to  re- 
main, showing  an  increase  of  deflection  of  0.021  inch  in  10  minut^^s. 
"  Time-tests''  made  with  the  loads  of  100, 120, 140,  and  160  pounds  with 
like  results,  140  pounds  being  left  on  the  bar  for  more  than  40  hours, 
increasing  the  deflection  from  0.221  to  1.277  inches.  One  hundred  and 
sixty  pounds  was  left  on  the  bar  for  more  than  50  hours,  increasing  the 
deflection  from  1.294  to  5.207  inches,  the  rate  of  increase  at  flrst  decreas- 
ing, then  remaining  constant  for  several  hours,  and  finally  increasing. 
The  bar  was  fianlly  left  over  night,  under  a  load  of  160  pounds,  with  a 
deflection  of  5.207  inches,  and  found  broken  the  next  morning,  the  bend 
left  in  the  bar  after  breaking  indicating  that  a  deflection  of  nearly  8 
inches  had  been  given  to  the  bar  before  fracture.  The  fracture  showed 
a  fine  granular  structure. 

The  records  of  bars  No.  24  and  No.  25  show  that  the  ultimate  break- 
ing weight  of  such  ductile  metals  depends  in  a  very  great  degree  upon 
the  time  during  which  they  are  left  under  stress.  The  duration  of  the 
test  of  bar  No.  24  was  about  one  hour,  that  of  bar  No.  25  was  more  than 
four  days.  As  the  breaking  load  of  No.  25  was  left  on  the  bar  for  more 
than  two  days  before  rupture  took  place,  it  is  inferred  that  a  much 
greater  load  would  have  been  requireil  to  break  the  bar  in  20  seconds, 
the  time  required  to  break  bar  No.  24.  In  the  case  of  bar  No.  25  it  would 
appear,  from  the  fact  that  large  increase  of  deflection  was  produced  by 
various  loads  remaining  on  the  bar  for  one  or  two  minutes,  that  a  much 
smaller  load  than  300  pounds  would  have  broken  the  bar  had  it  been 
allowed  to  act  for  a  sufficient  length  of  time.* 

Bar  No  26  (3.72  copper,  96.31  tin). — This  bar  was  apparently  stronger 
than  No.  25,  very  probably  in  consequence  of  the  greater  rapidity  of  the 
test,  no  load  being  left  on  the  bar  for  a  greater  length  of  time  than  three 
minutes.  A  set  of  0.0166  inch  was  produced  by  the  load  of  60  pounds, 
and  the  elastic  limit  appeared  to  have  been  reached  at  40  i)ounds.  At 
100  pounds  the  deflection  was  greater  than  that  of  bar  No.  25  with  the 
same  load,  indicating  it  to  be  a  weaker  bar.  No  'Hime-test  ^  was  made 
until  200  pounds  was  applied.  This  load  produced  a  large  increase  of 
deflection  in  three  minutes.  The  bar  finally  bent  under  a  load  of  210 
pounds,  with  a  total  deflection  of  nearly  8  inches,  and  was  so  ductile 
that  it  required  to  be  cut  partly  through  and  bent  repeatedly  in  order 
to  break  it. 

Bar  No.  27  (0.74  copper,  99.02  tin). — This  bar  was  much  weaker  than 

*These  modificatioiis  in  method  of  testing  were  made  to  secare  data  for  other  in- 
vestigations by  the  writer.  See  appendix  for  papers  by  the  write,  rin  which  thcHe 
phenomena  are  discossed  at  length  and  for  strain- diagrams  illnstrating  them. — B.  H.  T. 
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No.  26,  with  equal  or  greater  dactility,  taking  a  set  of  0.03  inch  at  50 
pounds,  reaching  the  elastic  limit  at  40  pounds,  and  bending  to  a  total 
deflection  of  8  inches  at  120  pounds.  Several  "time-tests''  were  made, 
causing  the  bar  to  show  less  strength  than  it  otherwise  would  have  done. 

Bar  No.  28  (0.32  copper,  99.46  tin). — ^Tbis  bar  proved  somewhat 
stronger  than  No.  27,  as  the  final  bending  load  was  ten  pounds  greater 
and  the  "time-tests"  were  of  much  longer  duration.  The  elastic  limit 
was  apparently  reached  at  40  pounds,  and  a  set  of  0.014  inch  took  x)lace 
at  70  pounds. 

Bar  No.  29  (all  tin). — ^The  behavior  of  this  bar  was  very  similar  to 
that  of  bars  Nos.  26,  27,  and  28,  but  the  metal  was  somewhat  weaker 
and  softer.  A  load  of  40  pounds  produced  a  set  of  0.0095  inch,  and  the 
elastic  limit  appeared  to  be  reached  at  about  30  pounds.  At  80  pounds 
a  crack  was  observed  on  one  of  the  edges  on  the  under  side  of  the  bar, 
which  gradually  opened  but  did  not  increase  in  length.  At  110  pounds 
the  bar  sank  gradually,  tne  deflection  increasing  more  thun  6  inches  in 
ten  minutes.  The  bar  was  finally  broken  by  repeated  bending,  and 
showed  that  the  crack  above  mentioned  was  produced  by  an  imperfec- 
'  tion  in  the  casting,  about  one-fourth  of  the  surface,  or  that  portion  in 
which  the  crack  was  observed,  showing  radiated  lines  of  cooling  and 
the  remainder  the  close  pasty  appearance  peculiar  to  tin  ruptui-ed  by 
bending.  The  crack  no  doubt  weakened  the  bar,  as  the  final  bending 
was  resisted  by  but  little  more  than  three-fourths  of  the  section. 

Bar  No.  30  (all  copper). — ^Thisbar  was  made  subsequently  to  the  tests 
above  described,  and  proved  to  be  a  much  better  bar  than  No.  1.  It 
was  cast  in  a  cold  iron  mold,  and  poured  when  at  a  dazzling  white  heat. 
The  surface  was  quite  free  from  blow-holes,  and  in  all  respects  the  bar 
appeared  to  be  sound.  It  is  therefore  taken  as  the  standard  bar  of  copper 
in  this  series  of  experiments.  It  was  tested  in  a  special  transverse 
testing-machine,  which  will  be  described  in  connection  with  the  account 
of  the  second  series  of  copper-tin  alloys,  which  latter  were  all  tested 
with  it.  A  remarkable  dilierence  was  ob^served  in  softness  and  ductility 
between  this  bar  and  bar  No.  1,  the  latter  breaking  at  650  pounds  aftei> 
a  deflection  of  0.707  inch,  while  the  former  had  a  deflection  of  1.37  inches 
at  600  x)ounds,  3.49  inches  at  800  pounds,  and  sustained  finally  a  deflec- 
tion of  about  8  inches  before  breaking.  This  softness  tj[^[-{imji||ii||!^ 
was  indicated  at  the  beginning  of  the  test  by  the  low 
limit  of  elasticity,  which  was  120  pounds,  while  in  bar 
No.  1  it  was  at  225  pounds.  A  set  of  0.01  inch  took 
place  in  bar  No.  1  at  250  pounds,  but  in  bar  No.  30  at  less 
than  200  pounds.  The  breaking  load  of  this  bar  is  taken 
at  800  pounds,  since  this  load  produced  a  deflection  of 
3.49  inches.  The  fracture  (Fig.  4)  showed  a  homogene-  ^^^'  ^' 
ous  and  compact  metal,  entirely  free  from  blow-holes,  with  fine  but  very 
distinctly  defined  lines  of  cooling,  perpendicular  to  each  edge. 

APPEAR ANOE  OF  THE  FBAOTUBES. 

After  completing  the  tests  by  transverse  stress,  pieces  were  cut  from 
each  bar  showing  the  transverse  fracture.  These  pieces  were  examined 
by  Prof.  A.  B.  Leeds,  of  the  Stevens  Institute  of  Technology,  who  made 
the  following  report  concerning  their  colors  and  structures: 

DESCRIPriON  OF  THE  SURFACES  OF  FRACTURE  OF  A  SERIES  OF  ALLOYS 
OF  COPPER  AND  TIN  BROKEN  BY  TRANSVERSE  STRESS. 

BY  PROF.  ALBERT  R.  LEEDS. 

No.  1  (all  copper). — Color,  copper  red,  altering  by  exposure  to  air  into 
purple  by  film  of  suboxide,  and  into  black  by  film  of  oxide  of  copper. 
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SarfisKse  in  part  large  vesicular,  in  part  curvilinear  fibrous.  Maximum 
diameter  of  vesicles,  7  mm.;  maximum  breadth  of  fibers,  1.5  mm.; 
length,  8  mm. 

No.  2  (97.89  copi)er,  1.90  tin^.— Color,  red,  slightly  oxidized  by  expos- 
ure.   Large  and  coarse  vesicular ;  maximum  diameter  of  vesicles,  5  mm. 

No.  3  (96.06  copper,  3.76  tin). — Color,  bright,  reddish-yellow,  with  &int 
traces  of  black  oxide  from  exposure.  Sur&oe,  small  and  finely  vesicu- 
lar. 

No.  4  (92.11  copper,  7.80  tin). — Color,  dull  reddish-yellow.  Homoge- 
neous.   Surface,  finely  aborescent. 

No.  5  (90.27  copper,  9.58  tin). — Color,  reddish-yellow,  with  spots  of 
dark  red  and  bright  yellow.  Surface,  not  homogeneous,  in  part  vesicu- 
lar, in  part  finely  fibrous. 

No.  6  (87.15  copper,  12.73  tin). — ^Color,  brass-yellow  in  part,  in  part 
bluish  white.  Sur&ce,  not  homogeneous,  finely  vesicular.  Fracture, 
hackly. 

No.  7  (80.95  copper,  18.84  tin). — Color,  reddish-gray,  with  brass-yellow 
spots.    Surface,  reticulated  fibrous. 

No.  8  (76.64  copper,  23.24  tin). — Color,  reddish-gray.  Surface,  fkintly 
vesicular ;  interior  of  vesicles  brass-yellow.  Fracture,  irregularly  curved. 
Luster,  dull. 

No.  9  (69.84  copper,  29.89  tin). — Color,  grayish-white.  Surface,  crys- 
tallization prismatic,  diverging  from  center.  Fracture,  of  large  curva- 
ture.    Luster,  glistening. 

No.  10  (68.58  copper,  31.26  tin). — Color,  grayish-white,  more  white 
than  the  preceding.  Surface,  crystalline  prismatic,  diverging  from  the 
center.    Fracture,  of  large  curvature.    Luster,  glistening. 

No.  11  (65.34  copper,  34.47  tin). — Color,  bluish-gray,  showing  yellow- 
ish spots  in  some  lights.  Surface,  interruptedly  crystalline.  Fracture, 
•coarsely  rounded.    Luster,  splendent. 

No.  12  (62.31  copper,  37.35  tin). — Color,  dark  bluish-gray.    SurfSeu^ 
laminated.    Fracture,  coarse  hackly.    Luster,  splendent. 
•    No.  13  (56.70  copper,  43.17  tin).— Color,  bluish  white.    Surfiice,  crys- 
tallization eminent ;  crystals  prismatic  and  diverging  from  center.    Lus- 
ter, splendent. 

No.  14  (51.62  copper,  48.09  tin). — Color,  bluish-white.  Surface,  crys- 
.tallized,  but  not  readily  apparent.  Fracture,  coarse  anguler.  Luster, 
^lendent 

No.  15  (47.61  copper,  52.14  tin). — Color,  grayish -white.  Surface,  finely 
^anular.    Fracture,  waved.    Luster,  glistening. 

No.  16  (44.52  copper,  55.28  tin). — Color,  grayish-white.  Surface,  lami- 
nated granular.    Fracture,  coarsely  waved.    Luster,  glistening. 

No.  17  (42.38  copper,  57.30  tin). — Color,  grayish-white.  Surface,  crys- 
tallization finely  reticulated.    Fracture,  uneven.    Luster,  glistening. 

No.  18  (38.37  copper,  61.32  tin). — Color,  grayish-white.  Surface,  crys- 
tallized, but  not  readily  apparent.  Fracture,  coarse  hackly.  Luster, 
bright. 

No.  19  (34.22  copper,  65.80  tin). — Color,  grayish-white.  Surface,  crys- 
tallization eminent,  prismatic,  and  diverging  from  center.  Prismatic 
angle,  130^.  Sides  of  prism  doubly  striated,  one  set  of  striae  parallel  to 
edge  of  prism,  the  other  at  an  angle  of  47^  with  the  former.  Luster, 
splendent. 

No.  20  (25.85  copper,  73.80  tin). — Color,  grayish-white.  Surface,  crys- 
tallization eminent,  prismatic.    Luster,  splendent. 

No.  21  (23.35  copper,  76.29  tin). — Color,  grayish- white.  Surface,  crys- 
tallized, but  not  readily  apparent.    Fracture,  hackly.    Luster  bright. 
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No.  22  (20.25  copper,  79.63  tin). — Color,  grayish- white.  Surface,  crys- 
tallization not  large  but  eminent;  prismatic  diverging  from  center. 
Prismatic  angle,  107^.    Luster,  splendent. 

Fo.  23  (16.08  copper,  84.62  tin). — Color,  grayish- white.  Surface,  crys- 
tallization, coarse  with  prismatic  faces,  divergent.  Fracture,  jagged. 
Luster,  splendent. 

No.  24  (11.49  copper,  88.47  tin). — Color,  grayish-white.  Surface,  crys- 
tallization finely  reticulated.  Fracture,  hackly.  Luster,  dull,  with  bright 
reflections  from  scattered  crystalline  faces.    Section,  mstorted. 

No.  26  (8.57  copper,  91.39  tin). — Color,  grayish- white.  Surface,  gran- 
ular. Luster,  dull,  with  glistening  points.  Section,  distorted  with 
curved  edges. 

No.  26  (3.72  copper,  96.31  tin). — ^Color,  grayish-white.  Surface, 
rounded  granular.    Luster,  duU. 

No.  27  (0.74  copper,  99.02  tin). — Color,  grayish-white.  Surface,  crys- 
tallization feeble  with  undefined  prismatic  faces.    Luster,  bright. 

No.  28  (0.32  copper,  99.46  tin). — Color,  grayish- white.  Surface,  irreg- 
ularly waved.    Luster,  dull. 

No.  29  (aU  tin). — Color,  bluish  or  grayish-white.  Surface,  slightly 
vesicular  at  center,  prismatic  at  edges.  Section,  much  distorted.  Lus- 
ter, bright. 

TESTS  BT  TENSILE  STRESS. 

The  bars  broken  by  transverse  stress  were  afterward  tested  by  ten- 
sion, two  tension  pieces  being  made  from  each  bar^  one  from  the  upper 
and  one  from  the  lower  end. 

Each  bar  was  marked  with  the  letters  A,  B,  C,  D  in  addition  to  its 
number  for  the  purpose  of  distinguishing  difterent  portions  of  the  bar. 
The  upper  end  of  the  bar  wa«  marked  A.  the  lower  end  B,  and  the 
middle  C  and  D,  respectively,  above  and  below  the  transverse  fracture. 
The  pieces  tested  by  tension  are  distinguished  in  the  records  which  fol- 
low, by  the  same  number  which  was  borne  by  the  bar  from  which  they 
were  made  and  by  the  letters  A  or  B,  as  the  piece  was  taken  from  the 
upper  or  lower  end  of  the  bar. 

The  pieces  to  be  tested  were  made  of  the  shape  and  size  indicated  in 
the  diagram  below,  whenever  the  sizes  of  tiie  pieces  from  which  they 
were  cut  were  sufi&cient  to  allow  it. 
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Fig.  5. 

When  the  broken  bar  from  which  the  test-piece  was  made  was  not 
long  enough  to  make  the  piece  of  the  size  shown  above,  the  cylindrical 
portion  was  shortened,  leaving  the  square  ends  at  least  3  inches  in 
length.  The  cylindrical  portion  was  turned  with  great  care  to  a  diam- 
eter of  0.798  inch,  thus  giving  a  sectional  area  of  one-half  square  inch. 

The  pieces  numbered  No.  1  to  No.  8  (all  copper  to  76.64  copper,  23.24 
tin),  inclusive,  were  turned  in  the  lathe  without  diflSculty,  a  gradually 
increasing  hardness  being  noticed,  the  last  named  giving  a  very  short 
chip,  and  requiring  frequent  sharpening  of  the  tool.  The  turned  sur- 
face of  aU  these  bars  was  made  perfecdy  smooth  by  the  turning  tool. 
The  color  of  the  turned  surface  varied  from  copper-red  to  light  golden- 
yellow,  the  color  gradually  becoming  lighter  with  the  increase  of  per- 
centage of  tin.    In  turning  these  bars,  blow-holes  of  various  sizes  were 
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found  in  nearly  all  of  them,  No.  4  and  No.  7  only  being  qnite  free  from 
themi  No.  1  and  No.  2  had  n  very  large  nauiber  of  all  sizes,  and  No& 
3,  5,  6,  and  8  had  each  a  fe^,  usually  of  small  size. 

With  the  most  brittle  alloys  it  was  found  iuipossible  to  turn  the  test- 
pieces  in  the  lathe  to  a  smooth  surface.  No.  9  to  No.  11  (29.S9  to  ^47 
tin)  coald  not  Ive  cut  with  a  tool  at  alt.  Chips  would  fly  off  in  advance 
of  the  tool  and  beneath  it,  lea^'ioc  a  rough  surface,  or  the  tool  would 
sometimes  apparently  eruuh  otf  iwrtiuus  of  the  metal,  grinding  it  to 
j>owder.  These  bars  were  not  turned  down  to  the  standard  size,  0.7d8 
inch,  but  had  the  comers  merely  taken  off,  making  the  cylindrical  por- 
tion nearly  1  inch  diameter  and  1  inch  long. 

No.  12  li  (30.96  till)  gave  even  more  trouble  than  No.  9  to  No.  11.  The 
piece  broke  in  the  lathe  before  the  comers  were  taken  oQl  No.  12  A  was 
left  for  test  without  being  turned. 


No.  13  and  No.  14  («.17  and  48.09  tin)  worked  like  No.  9  to  No.  11. 
No.  14  B  (38.41  ooin>er,  C1.04  tin)  proved  to  be  much  softer  and  more 
easily  turned  than  No.  14  A  (02.27  copper,  37.58  tin),  and  wna  turned  to 
the  standard  diameter.  No.  14  A  was  as  bard  as  No.  12.  This  was  due 
to  the  difference  in  composition  of  the  two  ends  of  this  bar,  as  before 
described,  the  larger  proportion  of  lin  being  at  the  bottom. 
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'No.  15  was  macli  softer  than  No.  13,  but  not  so  soft  as  No.  14  B.  It 
was,  however,  very  weak,  and  broke  in  the  latlie  before  being  finished. 
No.  15  A  was  left  without  being  turned. 

No.  16  worked  like  No.  15,  Qie  tool  taking  oflf  very  fine  chips  and 
powder. 

No.  17  was  a  little  softer,  chips  firom  the  tool  being  easily  reduced  to 
I)Owder  by  being  rubbed  between  the  fingers.  No.  17  A  (45.93  copper, 
63.80  tin)  was  somewhat  harder  than  No.  17  B  (38.83  copper,  60.79  tin), 
which  was  due,  as  in  the  case  of  No.  14,  to  liquation. 

No.  18  to  No.  20  worked  like  No.  17  B,  the  chips  being  very  weak  and 
brittle. 

No.  21  was  not  turned,  on  account  of  the  cavity  which  extended  through 
its  length. 

No.  22  to  No.  29  all  worked  very  easily  in  the  lathe,  showing  increas- 
ing softness  as  the  proportion  of  tin  increased. 

The  apparatus  used  in  the  tests  by  tensile  stress  was  the  testing  ma- 
chine in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology, a  cut  of  which  is  shown  on  preceding  page. 

The  elongations  were  measured  by  means  of  a  pair  of  finely-pointed 
dividers,  with  a  fine  screw-attachment,  taking  the  distances  between  two 
points  marked  on  the  cylindrical  portion  of  the  test-piece,  about  5  inches 
apart  The  distances  taken  by  the  dividers  were  then  measured  on  a 
standard  scale,  divided  to  hundredths  of  an  inch.  In  this  way  the  small- 
est elongation  which  could  be  observed  was  0.01  inch,  which  was  probably 
in  many  cases  beyond  the  elastic  limit,  so  that  from  these  experiments^ 
neither  the  elastic  limit  nor  the  modulus  of  elasticity  within  that  limit 
could  be  accurately  determined.  As  a  close  approximation,  however, 
the  elastic  limit  is  taken  from  the  curves  of  elongations,  the  point  at 
which  the  curves  appear  to  change  their  direction  toward  the  horizontal 
being  consider^  to  indicate  the  limit. 

Tables  giving  the  record  of  the  test  of  each  bar  are  appended.  The 
following  is  a  summary  of  the  results : 
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Table  III.— First  Series— Copfbb  and  Tin  Allots. 

Testa  bg  TenHle  8tre$$. 


Composition  by 
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0.0060 
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2A... 

2B.... 
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• 
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27,780 
28,540 

3.5,002 
32,  .559 
83,780 

20,000 
18,000 
19,000 

5A... 

5B.... 

Mean.. 

90.11 
90.48 
90.27 

9.66 
9.50 
9.58 

0.798 
0.798 

0.745 
0.760 
0.753 

0.0412 
0. 0310 
0.0366 

26.720 
27.000 
26,860 

80,649 
29,761 
80,905 

15,000 
16,600 
15.750 

6A... 

•    6B.... 

Mean.. 

87.15 
87.15 
87.15 

12.60 
12.77 
12.73 

0.798 
0.798 

0.792 
0.778 
0.783 

0.0185 
0.0480 
0.0333 

26.700 
32,160 
29,430 

27,098 
34,263 
30,680 

20,000 
20,000 
20,000 

7A... 

80.99 
80.90 
80.95 

18.92 
18.75 
1&84 

0.798 
0.798 

0.798 
0.708 
0.798 

0.004 
0.004 
0.004 

33.600 
82,360 
82,980 

33,600 
82,360 
32,980 

7B.... 

Mean.. 

8A  ... 

8B.... 

Mean.. 

78.67 
70.60 
76.64 

23.24 
23.28 
23.24 

0.796 
0.798 

0.798 
0.798 
0.796 

0 
0 

20,600 
23,420 
22,010 

20,600 
23,420 
22,010 

20,600 
23,420 
22,010 

9A... 

9B.... 

Mean.. 

69.90 
69.77 
69.84 

29.85 
29.92 
29.89 

0.085 
0.972 

0.965 
0.972 

0.97lt 

0 
0 

7,006 
4.164 
5,585 

7,006 
4,164 
5,585 

7,006 
4.164 
6^586 

10 B.... 

68.57 

31.30 

0 

1«620 

1,620 

1,620 

Beotangnlar  sectim 
0.904''^X  1.005". 

11  A... 
IIB.... 
Mean.. 

65.31 
65.36 
65.34 

34.47 
34.47 
34.47 

0.074 
0.975 

0.074 
0.975 

0 
0 

2,376 
2,025 
2,201 

2,376 
2,025 
2.201 

2,376 
2,025 
2.201 

12 A  ... 

61.83 
62.79 
62.31 

37.74 
36.96 
37.35 

0 
0 

250 

1,125 

688 

250 

1, 125 

688 

250 

1,125 

688 

12C 

Mean.. 

ISA  ... 

56.58 

56.82 
56.70 

43.11 

43.22 
43.17 

0 
0 

1,259 

1,660 
1,455 

1,259 

1,650 
1,455 

1,269 

1,650 
1,455 

Beotangnlar  aeotloo 

13B  ... 
Mean .. 

0.975 

0.975 

0.998^'  X  1.004". 

1 

14  A... 
14  B,-.. 
Mean.. 

62.27 
38.41 
51.62 

37.58 
61.04 
48.00 

0.068 
0.708 

0.968 
0.708 

0 
0 

1,170 
3,940 
2.555 

1,170 
3,940 
2,555 

1,170 
3.940 
2,555 

ISA  ... 
15C.... 
Mean.. 

47.72 

II 

47.61 

51.99 
«• 

52.14 

L055 

Bonare. 
ti 

0 
0 

950 
2,100 
1,525 

950 
2,100 
1,525 

950 
2,100 
1,525 

16A-.. 
16B.... 
Mean .. 

44.62 
44.42 
44.52 

55.15 
55.41 
55.28 

0.080 
0.798 

0.080 
0.748 

0 
0 

8,460 
2,560 
3,010 

8.460 
2,560 
3,010 

3,460 
2,660 
3,010 

* 

17A  ... 
17B.... 
Mean.. 

45.93 
38.83 
42.88 

53.80 
60.79 
57.30 

0.798 

0.798 

........ 

0.748 
0.748 

0 
0 

2,260 
5,660 
3.910 

2,260 
5,560 
3,910 

2.260 
5.560 
8,910 

18A  ... 

38.37 
38.37 

,  , 

61.32 
61. 32 

0.798 
0.708 

0.748 
0.748 

0 
0 

1 

Broke  befbire  tesL 

18B.... 

2,820 

2.820 

2.820 
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« 

Composition  by 

analysis. 

Diameter. 

Total  elongation — 
parts  of  original 
length. 

Tenacity; 

per  square 
Bh. 

Elastic     limit- 
pounds    por 
square  inch. 

Ifa 

• 

i 

|1 

11 

II 

Bomarka. 

19  A... 

84.22 
84.22 

65.80 
66.80 

Inehsi, 
0.798 
0.799 

Inehti. 
0.748 
0.799 

0.799 
0.798 

0 
0 

Pounds. 

Poundt. 

Broke  before  tesfc. 

19B... 

8,371 

3.371 

8,371 

20A... 
20B.... 

80.57 
25.12 
2&85 

73.08 
74.51 
73.80 

0.799 
0.798 

0 
0 

1,795 
1,500 
1,648 

1,796 
1,500 
1,648 

1,795 
1,500 
1, 648  , 

21A... 

21 B 

Mean.. 

22.80 
23.89 
23.85 

76.88 
75.68 
7&29 

0.997 
LOOO 

0.997 
LOOO 

0.0017 
0 

6.275 
7,275 

6,775 

6»275 
7,275 
6,775 

6^275 
7,275 
6.775 

Rectangular  section 
0.997"  X  1.007". 

Bectangular  section 
1"  X  1.02". 

22A... 
22B.... 
Mean.. 

20.28 
20.21 
20.26 

79.63 
79.62 
79.68 

0.708 
0.799 

0.798 
0.709 

0 
0 

6,440 
2,334 
4,337 

6,440 
2,234 
4,887 

6,440 
2,284 
4,337 

28A... 
23B.... 
Mean.. 

1&12 
1&04 
15.08 

84.58 
84.65 
84.62 

0.708 
a798 

0.798 
0.798 

0 
0.0067 
0.0067 

550 
6,520 
6,520 

550 
6.520 

560 
5,500 

BeaultdoubtftiL 

24A... 
24B.... 
Mean.. 

11.49 
11.48 
1L49 

88.44 
88.50 
88.47 

0.798 
0.798 

0.768 
0.796 
0.782 

O.074O 

0.008 

0.0410 

6,600 
6,160 
6,880 

7,050 
6,204 
6,627 

8,000 
4,000 
8,500 

S5A... 
26B.... 
Mean.. 

&82 
a32 
&57 

91.12 
91.66 
91.89 

0.798 
0.796 

0.780 
0.740 
0.735 

0.0714 
0.0660 
0.0687 

6,000 
6,000 
6,450 

7,167 
8,021 
7,594 

3.500 
8,500 
3,600 

28A  ... 

aoB  ... 

Mean.. 

8.70 
8.74 
8.72 

06.80 
96.82 
9&31 

0.798 
0.708 

0.680 
0.660 
0.670 

0.0083 

0.148 

0.1232 

4,300 
5,260 
4,780 

5.920 
7,687 
6.804 

2,500 
3,000 
2,750 

27A  ... 

0.75 
0.72 
a  74 

9&98 
99.06 
90.02 

0.798 
0.798 

0.550 
0.540 
0.545 

0.316 

0.1397 

0.2279 

3,600 
3,700 
3,650 

7,576 
8,157 
7,867 

27  B 

M«an.. 

28A... 

28B.... 
Kaan.. 

aa2 

0.82 
0.82 

99.46 

99.45 
99.46 

0.798 
0.798 

0.455 

0.475 
0.465 

0.8600 

0.3448 
0.3544 

4,700 

4,250 
4,475 

14,458 

11,992 
13,228 

2,600 

2,500 
2,500 

Tenacityof  fractured 
section  doubtftiL 
Do. 

29A  ... 

Caat 

«4 

tin. 

•  4 

a  798 
0.798 

0.400 
0.300 
0.805 

0.2833 
0.4269 
0.3551 

2,800 
4,200 
8,505 

29B    .. 

Do. 

Mean.. 

80A... 
aoB  ... 
Mean.. 

Cast 

14 

copper. 

0.798 
0.798 

0.725 
0.740 
a733 

0.0752 
0.0541 
0.0647 

29,200 
26,400 
27,800 

34,790 
30,201 
32,496 

14,000 
14,000 
14,000 

TESTS  BY  TENSILE  STRESS. 

The  results  of  the  tests  by  tensile  stress  agreed  in  general  very  closely 
with  those  by  transverse  stress,  the  relative  strength  and  dnctility  of  the 
various  bars  being  the  same  under  either  kind  of  test.  This  is  very 
plainly  shown  by  an  inspection  of  the  curves  in  Plate  VIII,  in  which 
the  transverse  and  tensile  strengths  and  the  ductility  are  compared. 

Bar  No.  1  (all  copper)  proved  deficient  in  both  strength  and  ductility, 
in  consequence  of  the  presence  of  a  large  number  of  blow-holes.  The 
fact  should  be  kept  in  mind  throughout  this  discussion  of  results  that 
these  cast  pieces  were  purposely  used,  although  frequently  unsound,  as 
it  was  intended  to  ascertain  the  value  of  each  alloy  as  cast.   It  will  sub- 
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sequently  be  determined  how  far  the  occurrence  of  onsoandness  in  cast- 
ing can  be  avoided  by  special  treatment,  and  how  the  tenacity  and  other 
valuable  properties  may  be  thus  improved.  No.  I  A  had  a  tenacity  of 
14,180  pounds  per  square  inch,  and  No.  1  B,  11,340  jiounds,  with  total 
elongations  of  only  0.03  and  0.02  inch  respectively.  The  contrast  be- 
tween the  properties  of  No.  1  and  No.  30  is  as  plainly  shown  in  the  ten- 
sile as  in  the  transverse  tests,  the  latter  having  a  tenacity  of  29,200  and 
26,400  pounds  in  the  A  and  B  ends  respectively,  with  elongations  of 
0.376  inch  and  0.271  inch.  The  tensile  strength  of  No.  30  A  is  unusually 
high  for  cast  copper. 

Bar  No.  2  (97.89  copper,  1.90  tin)  was  very  much  more  ductile  than 
No.  1,  but  was  rendered  deficient  in  strength  by  blow-holes. 

Bar  No.  3  (96.06  copper,  3.76  tin)  was  stronger  and  more  ductile  than 
No.  2.  The  fractures  of  No.  3  A  and  No.  3  B  both  showed  blow-holes, 
which  probably  decreased  their  strength. 

Bars  No.  4  and  No.  5  (7.80  and  9.58  tin)  showed  an  exception  to  the 
rale  of  increase  of  strength  with  increase  in  the  proportion  of  tin,  and 
were  both  weaker  under  tensile  stress  than  No.  3,  while  in  the  transverse 
test«  No.  3  was  the  weakest  and  No.  5  the  strongest  of  the  three  bars. 
The  reason  of  this  weakness  does  not  appear  to  be  the  presence  of  blow- 
holes, as  No.  3  had  more  of  these  than  either  No.  4  or  No.  5.  In  the 
case  of  No.  5  the  weakness  is  probably  due  to  the  want  of  homogeneity 
of  the  metal.  As  observed  in  the  notes  on  transverse  tests,  the  fracture 
by  transverse  stress  was  not  homogeneous,  the  central  portion  being 
dark-red  or  brownish-red,  while  the  outer  portions  were  of  a  reddish- 
yellow  to  yellowish-gray  color. 

In  the  fractures  under  tensile  tests  these  same  contrasts  of  color  were 
also  observed,  varying  slightly  from  those  of  the  transverse  fracture. 
The  yellowish  colored  metal  being  partly  cut  away  in  turning  the  cylin- 
drical test-piece,  the  section  left  was  composed  of  a  larger  proportion  of 
the  dark-colored  metal,  which  was  probably  weaker  than  the  other. 
The  dark  color  appeared  as  if  it  might  have  been  due  to  oxidation  of  the 
copper,  rather  than  to  the  formation  of  a  distinct  alloy  of  the  pure  metals, 
as  no  alloy  of  the  whole  series  in  any  way  resembled  the  central  portion 
of  bar  No.  5  in  color. 

The  more  rapid  cooling  of  the  metal  at  the  surface  than  in  the  center 
may  have  made  the  exterior  portions  the  stronger,  and  these  having 
been  cut  away  by  turning  the  tension  pieces,  this  may  account  for  the 
weakness  of  the  latter. 

Bar  No.  6  (87.15  copper,  12.73  tin)  showed  a  marked  difference  in 
tenacity  in  the  upper  and  lower  parts  of  the  bar,  No.  6  A  (87.15  copper, 
12.96  tin)  breaking  at  26,700  pounds  per  square  inch,  and  No.  6  B  (87.15 
copper,  12.77  tin)  at  32,160  pounds.  A  small  blow-hole  appeared  in  the 
fracture  of  No.  6  A,  but  it  was  not  large  enough  to  account  for  the 
difference  in  strength.  The  cause  is  more  probably  the  difference  of 
structure  of  the  metal  in  the  two  ends  of  the  bar.  The  fracture  of  No. 
6  A  was  like  the  transverse  ft*acture  in  appearance,  coarse,  granular,  and 
mottled  in  color.  No.  6  B  was  also  mottled,  but  much  more  finely,  a 
close  observation  only  revealing  the  two  distinct  colors  of  the  metal. 
The  structure  was  also  much  more  compact.  The  analysis  of  the  turn- 
ings from  each  of  these  pieces  shows  the  composition  to  be  almost  pre- 
cisely the  same.  The  difference  in  structure  may  have  been  caused  by 
the  difference  in  pressure  at  the  top  and  bottom  of  the  mold. 

Bar  No.  7  (80.95  copper,  18.84  tin)  was  the  strongest  of  the  series,  the 
results  of  the  tensile  tests  agreeing  with  those  of  the  transverse  tests. 
The  tension-pieces  showed  but  little  ductility,  both  breaking  after  an 
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elongation  of  only  0.02  inch.  No.  7  A  (80.99  copper,  18.92  tin)  showed 
a  lack  of  homogeneity  in  color,  and  was  somewhat  weaker  than  N'o.  7  B 
(80.90  copper,  18.76  tin). 

Bar  No.  8  (76.64  copper,  23.24  tin)  was  much  weaker  than  No.  7,  and 
had  so  little  dactility  that  no  elongation  amounting  to  0.01  inch  could 
be  detected.  The  fractures  were  similar  to  the  transverse  fractur^  with 
several  very  small  blow-holes.  Bars  No.  8  to  No.  20  (23.24  to  73.80  tin), 
inclusive,  had  all  such  exceedingly  slight  ductility  that  none  of  them 
elongated  0.01  inch  tensile  stress.  Their  comparative  ductility,  there- 
fore, cannot  be  determined  from  these  tests.  The  liKJt  of  their  having 
such  a  small  degree  of  ductility,  moreover,  unfits  them  for  any  use  in 
which  strength  is  required,  and  their  comparative  ductility  is  of  no 
practical  value. 

Bars  No.  9  and  No.  10  (29.89  and  31.26  tin)  were  so  hard  that  great 
diflSculty  was  experienced  in  holding  them  in  the  grip-blocks  of  the  tensile 
machine.  These  grip-blocks  were  made  of  very  hard  cast  steel,  and  the 
gripping  edges  were  scored  like  a  file.  Instead  of  cutting  into  the  metal 
of  No.  9  and  No.  10,  as  they  did  with  all  metals  softer  than  hardened 
steel,  they  ground  off  the  surface  and  let  the  pieces  slip  out. 

No.  9  A  was  turned  in  the  middle  portion  to  the  cylinder  form,  and 
was  1  inch  long  and  0.985  inch  in  diameter.  It  broke,  however,  in  the 
square  end  of  the  specimen,  about  1  inch  from  the  end  of  the  turned  por- 
tion, ttius  fracturing  a  section  which  was  one-third  larger  than  the  mini- 
mum section  of  the  piece.  This  phenomenon  took  place  also  in  bar  No. 
13  (56.70  copper,  43.17  tin),  and  may  indicate  planes  of  weakness  in  por- 
tions of  the  test  piece  or  the  existence  of  internal  strains  greater  in  some 
X)OFtions  of  the  pieces  under  test  than  in  others. 

AH  of  the  brittle  pieces  showed  not  only  general  weakness  but  irregu- 
larity of  strength.  The  upper  and  lower  portions  of  the  bar  often  gave 
very  different  results,  and  differed  so  irregularly  that  they  seemed  to 
follow  no  law  whatever.  The  tensile  strength  of  pieces  of  which  the 
chemical  analyses  showed  similar  constitution,  as  well  as  the  appearance 
of  the  metal,  often  gave  widely- varying  results. 

Bars  No.  11  to  No.  20  (34.47  to  73.80  tin)  all  exhibited  similar  deficiency 
of  strength.  The  peculiarities  of  each  are  given  in  the  notes  in  the  ap- 
pended tables  under  the  record  of  the  test  of  each  bar.  The  minimum 
average  strength  was  shown  by  bars  No.  12  and  No.  13  (37.35  and  43.17 
tin)  corresponding  to  the  results  of  the  transverse  tests.  From  No.  13 
to  No.  21  tSiere  was  a  somewhat  irregular  increase  of  strength,  No.  21 
giving  a  second  maximum  point  of  strength  in  the  series  as  occurred 
with  the  transverse  tests. 

Bar  No.  21  (23.35  copper,  76.29  tin)  was  tested  at  its  original  square 
section,  on  account  of  the  existence  of  a  cavity  through  its  center, 
before  described.  No.  21  A  showed  some  indications  of  ductility,  an 
elongation  of  0.01  inch  being  observed. 

Bar  No.  22  (20.25  copper,  79.63  tin)  showed  no  elongation  amounting 
to  0.01  inch.  No.  22  A  (20.28  copper,  79.63  tin)  was  nearly  three  times 
as  ductile  as  No.  22  B  (20.21  copper,  79.62  tin). 

Bars  No.  23  to  No.  29  (84.62  to  all  tin)  showed  regularly  increasing  duc- 
tility. No.  23  B  breaking  after  an  elongation  of  0.02  inch  and  No.  29  B 
after  an  elongation  of  2.58  inches. 

Bar  No.  23  A  gradually  elongated  under  the  load  of  3,300  pounds  for 
two  minutes  before  breaking,  the  elongation  increasing  from  0.13  to 
0.37  inch.  This  "time-test"  showed  the  same  result  as  those  given  in 
the  tests  by  transverse  stress,  viz,  that  the  ductile  metals  may  show  a 
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greater  or  a  less  resistance  to  stress  as  the  load  is  applied  for  a  shorter 
or  a  longer  time.* 

The  ductile  bars  showed  a  mach  greater  uniformity  of  strength  in  the 
upper  and  lower  portions  of  the  bars  than  the  brittle  pieces,  when  the 
time  occupied  by  the  test  was  the  same. 

'^Tkne-tests''  of  shorter  duration  were  made  with  nearly  all  the  bars 
from  No.  23  to  Ko.  29,  with  the  uniform  result  of  increasing  the  elonga- 
tion. With  No.  29  A  a  speciid  '<  time-test"  was  made  to  determine  the 
difference  in  resistance  to  slow  and  rapid  rupture.  This  bar  being 
composed  entirely  of  tin,  and  apparently  a  good  casting,  it  would  be 
expected  that  tests  of  the  two  pieces,  one  from  the  upper  and  one  from 
the  lower  end  of  the  bar,  would  show  little,  if  any,  difference  in  strength. 
No.  29  A  was  first  tested  with  a  load  of  1,700  pounds,  which  caused  an 
elongation  of  0.15  inch.  This  load  was  then  roduced  to  1,250  pounds, 
and  the  reading  again  taken,  showing  an  elongation  of  0.19  inch,  which 
increased  in  two  minutes  to  0.27  inch.  The  load  was  then  increased  to 
1,400  pounds,  and  the  elongation  was  0  32  inch.  The  load  was  allowed 
to  remain  on  the  bar  for  ten  minutes,  and  the  elongation  gradually 
increased  to  1.70  inches,  when  the  bar  broke.  It  seems  probable  from 
this  test  that  the  load  of  1,400  pounds  would  have  broken  the  piece  even 
if  the  load  of  1,700  pounds  had  not  been  placed  on  it  at  the  beginning 
of  the  test. 

Bar  No.  29  B  was  then  tested  in  a  different  manner.  The  load  was 
gradually  but  rapidly  increased  to  2,100  pounds,  without  stopping  longer 
than  a  sufficient  time  to  t  ike  the  reading  of  the  elongation  at  975, 
1,160, 1,290, 1.600,  and  2£00  pounds.  At  2,100  pounds  ttie  elongation 
was  read,  1.88  inches.  The  piece  then  extended  very  rapidly,  and  at 
the  same  time  its  resistance,  as  measured  by  the  scale-beam,  reduc^  to 
1,700  pounds.  The  pump  of  the  hydraulic  press  was  run  as  fast  as 
possible,  but  the  beam  could  not  be  balanced  by  so  doing  beyond  1,700 
pounds.  The  piece  sustained  this  load  a  few  seconds,  and  then  broke 
after  an  elongation  of  2.58  inches. 

Comparing  these  two  tests,  it  is  seen  that  the  resistance  of  No.  29  A  to 
an  elongation  greater  than  0.19  inch  was  never  greater  than  1,400  pounds, 
while  that  of  No.  29  B  was  2,100  pounds,  or  50  per  cent,  more  than  the 
former;  which  50  per  cent,  apparent  increase  of  strength  may  have  been 
entirely  due  to  the  greater  rapidity  of  the  test  of  No.  29  B  and  not  to  its 
inherent  strength.  The  fact  that  the  difference  in  strength  is  only  ap- 
parent is  confirmed  by  the  experiments  by  torsional  stress  on  pieces  from 
the  same  bar,  which  are  hereafter  described.  These  showed  that  torsion- 
pieces  No.  29  A  and  No.  29  B,  one  from  the  top  the  other  from  the  bot- 
tom of  the  bar,  each  tested  by  a  moderately  slow  motion,  each  gave  a 
resistance  of  142  foot-pounds  torsional  moment ;  piece  No.  29  0,  from  the 
middle  of  the  bar,  tested  in  the  same  manner  resisted  13.2  foot-pounds, 
while  No.  29  D,  a  piece  also  taken  from  the  middle  of  the  bar  and  origi- 
nally adjoining  No.  29  0,  tested  by  very  slow  motion  and  left  under 
stress  for  many  hours,  resisted  only  9.2  foot-pounds  or  about  30  per  cent, 
less  than  either  of  the  other  pieces. 

The  strength  per  square  inch  of  fractured  section  is  given  in  the  tables 
for  the  purpose  of  comparison,  but  it  is  not  an  indicator  of  either  the 
ultimate  or  the  useful  strength  of  the  metals,  except  in  those  which  have 
but  a  limited  degree  of  ductility  and  which  do  not  show  increase  of 
elongation  under  continued  stress.  In  the  cases  of  ductile  metals,  the 
portion  of  the  test-piece  just  above  and  below  the  point  of  fracture  grad- 
ually narrowed  down  as  the  breaking  load  was  reached,  and  in  most 
cases  this  narrowing  or  "necking  down''  was  very  rapid  the  instant  be- 

*  See  paper  by  the  writer  in  appendix  on  The  Etfccte  of  Time,  &c. 
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fore  fracture.  In  snch  cases  the  beam  of  the  scale  often  dropped  a  few 
seconds  before  fracture  took  place,  showing  a  decrease  of  resistance  and 
consequently  a  decrease  of  stress.  The  final  rupture  was  caused,  there- 
fore, by  some  load  less  than  the  maximum  load  which  the  piece  sustained 
before  the  rapid  necking  down  commenced.  In  a  few  cases  it  was  pos- 
sible to  follow  the  decrease  of  resistance  to  stress  by  balancing  the  scale- 
beam,  nearly  to  the  instant  of  rupture,  but  never  entirely  to  it,  so  that 
the  actual  load  sustained  by  the  piece  at  the  instant  of  rupture  could  not 
be  determined.  The  so-called  ^^  tenacity  per  square  inch  of  fractured 
section,''  found  by  dividing  the  maximum  load  sustained  by  the  piece 
by  the  area  of  section  measured  after  fracture,  is  therefore  no  indication 
of  the  strength  of  the  metal*  Even  in  the  cases  in  which  the  decrease 
of  stress  was  not  observed,  and  the  scale-beam  dropped  apparently  at 
the  same  instant  that  rupture  took  place,  it  is  not  always  certain  that 
decrease  of  resistance  does  not  take  place  first,  although  only  a  iraction 
of  a  second  before  rupture,  nor,  therefore,  that  the  final  section  (meas- 
ured after  rupture)  even  sustained  the  load  indicated  by  the  scale-beam. 
The  following  description  of  the  fracture  by  tensile  stress  has  been 
made  by  Prof.  A.  B.  Leeds : 

DESCRIPTION  OP  THE  SURFACES  OF  FRACTURE  OF  A  SERIES  OF  ALLOYS 
OF  COPPER  AND  TIN  BROKEN  BY  TENSILE  STRESS. 

BT  PBOF.  ALBERT  R.  LEEDS. 

No.  1  B  (all  copper). — ^Color,  copper-red,  with  a  purple  film  of  sub- 
oxide; surface,  in  part  large  vesicular,  in  part  crystalline,  radiating  to- 
ward edge. 

No.  2  A  (97.95  copper,  1.88  tin). — Color,  copper-red;  surface  deeply 
vesicular;  fracture,  uneven;  luster,  dull,  with  bright  points. 

Bar  No.  2  B  (97.83  copper,  1.92  tin). — Color,  copper-red,  inclining 
toward  yellow;  surface,  finely  vesicular;  fracture,  uneven ;  luster,  dull, 
with  fine  bright  points. 

Bar  No.  3  B  (95.96  copper,  3.80  tin). — Color^  reddish -yeljow;  surface, 
finely  vesicular,  the  curved  surfaces  interrupting;  luster,  dull. 

Bar  No,  4  B  (92.07  copx)er,  7.76  tin). — Color,  yellowish-red  in  part,  in 
part  reddish-yellow;  surface,  vesicular;  luster,  dull. 

Bar  No.  5  A  (90.11  copper,  9.66  tin). — Color,  yellowish  red;  surface, 
crystallization,  fibrous,  radiate,  finely  vesicular  on  faces;  luster,  dull. 

Bar  No.  6  B  (90.43  copper,  9.50  tin). — Color,  grayish-yellow;  surface, 
coarse  vesicular:  fracture,  jagged;  luster,  dull. 

Bar  No.  6  A  (87.15  copper,  12.69  tin). — Color,  bluish-white  with  bright 
yellow  spots;  surface,  confusedly  vesicular;  fracture,  hackly;  luster, 
dull. 

Bar  No.  6  B  (87.15  copper,  12.77  tin). — Color,  reddish-yellow,  with  blu- 
ish-gray points,  producing  a  general  impression  of  orange;  surface 
brolly  crystalline,  with  surfaces  of  prismatic  faces  finely  vesicular; 
luster,  dull,  with  minute  bright  points. 

Bar  No.  7  A  ^80.99  copper,  18.92  tin). — Color,  grayish-white  with  yel- 
low points;  suriace,  not  apparently  crystalline;  fracture,  coarse  hackly; 
luster,  dull. 

Bar  No.  8  B  (76,60  copper,  23.23  tin). — Color,  yellowish-gray;  surface, 
vesicular,  with  smooth  intervening  laces;  fracture,  even;  luster,  shin- 
ing. 

Bar  No.  9  A  (69.90  copper,  39.85  tin). — Color,  yellowish-gray  to  bluish- 
gray  in  different  lights ;  surface,  broadly-bladed  prismatic,  and  diverg- 
ing  irom  center;  fracture,  smooth;  luster,  splendent. 

Bar  No.  10  A  (68.58  copper,  31.26  tin). — Color,  yellow  to  bluish  gray ; 
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surface,  broadly-bladed  priisinatic  and  direrging  from  center ;  ftactore, 
smooth:  luster,  splendent. 

Bar  No.  11  A  (65.31  copper,  34.47  tin). — Color,  yellow  to  bluish-gray; 
surface,  crystallized,  but  not  readily  apparent;  fracture,  coarsely  waved; 
luster,  splendent. 

Bar  No.  12  B  (62.79  copper,  36.96  tin).— Color,  blue;  surface,  coarsely 
waved  and  pitted;  luster,  splendent. 

Bar  No.  13  A  (56.58  copper,  43.11  tin). — Color,  bluish ;  surface,  crys- 
tallization eminent,  prismatic  blades  diverging  from  center ;  fructure, 
uneven;  luster,  splendent. 

Bar  No.  14  A  (62.27  copper,  37.58  tin). — Color,  bluish-gray  in  part,  in 
part  reddish-gray;  surface,  ciystallized,  but  not  readily  apparent;  frac- 
ture, uneven;  luster,  dull. 

Bar  No.  14  B  (38.41  copper,  61.04  tin). — Color,  bluish-gray;  surface, 
crystallized  but  not  readily  apparent;  fracture,  coarsely  waved;  luster, 
splendent. 

Bar  No.  15  B  (47.49  copper,  52.29  tin). — Color,  bluish-gray  to  grayish- 
white;  surface,  waved;  fracture,  irregular;  luster,  glistening. 

Bar  No.  16  B  (44.42  copper,  55.41  tin). — Color,  grayish- white;  surface, 
crystallized  but  not  readUy  apparent,  waved  and  feebly  vesicular;  luster, 
glistening. 

Bar  No.  17  B  (38.83  copper,  60.79  tin). — Color,  grayish- white ;  surface, 
finely  waved  vesicular;  luster,  shining,  with  bright  points. 

Bar  No.  18  A  (43.37  copper,  56.37  tin). — Color,  grayish-white ;  8ur£a*ce, 
crystallization  prismatic,  with  waved  lines  on  prismatic  faces}  luster, 
splendent. 

Bar  No.  18  B  (43.36  copper,  56.40  tin). — Color,  grayish- white;  surface, 
crystallized,  but  not  readily  apparent,  feebly  vesicular;  fr'acture,  irregu- 
lar; luster,  glistening,  bright  lines  of  reflection  from  crystalline  faces. 

Bar  No.  19  A  (40.32  copper,  59.46  tin). — Color,  grayish-white ;  sur- 
face, crystallization  eminent,  prismatic;  the  prismatic  faces  large  and 
striated;  prismatic  angle,  91^;  luster,  splendent. 

Bar  No.  19  B  (40.24  copper,  59.44  tin). — Color,  grayish-white;  surface, 
crystallization  eminent,  prismatic ;  luster,  splendent. 

Bar  No.  20  A  (26.57  copper,  73.08  tin).--Color,  grayish- white;  sur- 
face, crystallization  eminent,  the  faces  in  part  prismatic,  in  part  having 
an  octahedral  aspect ;  luster,  splendent. 

Bar  No.  20  B  (25.12  copper,  74  51  tin). — Color,  grayish-white ;  sur- 
face, crystallized,  but  not  readily  apparent,  waved  and  feebly  ve-sicular ; 
fracture,  rough ;  luster,  glistening,  with  bright  surfaces  of  reflection. 

Bar  No.  21  B  (33.89  copper,  75.68  tin). — Color,  grayish-white;  surface, 
feebly  crystalline  and  vesicular;  fracture,  hackly;  luster,  glistening,  with 
bright  points. 

Bar  No.  22  A  (20.28  copper,  79.63  tin).-^olor,  grayish-white;  surface, 
crystallization  eminent,  prismatic  faces  irregular;  luster,  splendent. 

Bar  No.  22  B  (20.21  copper,  79.62  tin). — Color,  grayish- white;  surface, 
confusedly  crystalline,  with  prismatic  faces ;  luster,  splendent. 

Bar  No.  23  A  (15.12  copper,  84.58  tin). — Color,  grayish-white,  in  part 
with  yellow  tarnish;  surface,  crystallization  eminent,  broad  prismatic 
faces,  nidiate:  luster,  splendent. 

Bar  No.  24  B  (11.48  copper,  88.50  tin). — ^Color,  grayish-white ;  surface, 
crystallized  fibrous;  fiticture, hackly ;  luster,  glistening,  with  bright  lines 
of  reflection  from  edges  of  crystals. 

Bar  No.  25  A  (8.82  copper,  91.12  tin). — Color,  grayish-white;  surface, 
irregular  and  feebly  vesicular ;  luster,  dull. 

Bar  No.  26  B  (3.74  copper,  96.32  tin). — Color,  grayish- white;  surface, 
fibrous,  in  part  slightly  vesicular;  luster,  dulL 
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Bar  No.  2?  A  (0.75  copper, 98.98 tin). — Color,  grayish-white;  surface, 
fibroas ;  fracture,  jagged ;  luster,  dull. 

PHOTO0BAPH8  OF  FBACTT7BBS. 

The  surfaces  of  fracture  by  tensile  and  transverse  stresses,  which  were 
submitted  to  Professor  Leeds  for  description,  were  also  photographed  by 
him.    Copies  of  these  photographs  are  presented  with  this  report. 

Considerable  trouble  was  experienced  and  a  great  deal  of  time  con- 
sumed in  mounting  the  pieces  so  as  to  obtain  the  proper  effect  of  light 
and  shade  necessary  to  show  the  peculiarities  of  structure  of  the  frac- 
tured surfaces.  The  best  effect  was  finally  obtained  by  magnifying  the 
image  of  the  fracture,  so  that  the  photographs  were  one  and  a  half  times 
the  original  size  of  the  specimen.  In  general  six  pieces  were  taken  at 
once,  as  it  was  found  that  if  more  than  this  number  were  taken,  the  dif- 
ference in  structure,  and  consequently  in  reflection  of  light,  was  such 
that  the  treatment  necessary  to  obtain  good  pictures  of  some  of  the 
pieces  was  not  suitable  for  others. 

In  this  way  twenty-two  plates  were  made,  and  these  were  afterward 
combined  into  six  groups  of  four  plates  each,  and  reduced  to  about  half 
size,  or  to  about  three-fourths  of  the  size  of  the  specimens.  The  six 
plates  thus  formed  are  those  submitted  herewith.  They  are  numbered 
fix)m  No.  1  to  No.  6,  and  the  following  is  a  key  to  the  arrangement  of 
the  fractures  which  are  photographed  in  each : 

Key  to  the  Arrangement  of  Photographs  of  Fractures  of  Copper- Tin  Alloys. 


Plate  No.  1. 


Plate  No.  2. 


Plate  No.  3. 


lA 

28B 

[Copper.] 

7C 

2D 

27B 

5B 

3D 

29C 

[Tin.] 

21  B 

21  Bs 

2D    5A 

13  A 

14  B 

8D    2C 

lie 

12  B 

3D    ID 

[Copi>er.] 

18  C 

15  B 

8D 

6B 

18  D 

16  B 

7B 

6A 

17  A 

17  D 

7A 

5A 

20C 

19  B 

5A 

2D 

20  B 

19  C 

4D 

2C 

22A 

22B 

3D 
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27C 

23A 

28B 

22B 
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29B 

ID 

26B 

24B 

19  C    19 
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25A 

9A 

23A 

Plate  N 

0.  4. 

3           3 

29 

2           2 

28 

28 

1           1 

27 

27 

14  A 

26 

26 

14  B 

15  A 

25 

25 

12  B 

12  A 

24 

24 

Plate  No.  5. 


Plate  No.  6. 
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6 

6 
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2 

7 

7 
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3 
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8 

3 

3 

9 

9 

4 

4 

10 

10 

5 
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11 

21 

21 

17 

17 

22 

22 

16 

16 

23 

23 

15 

15 

18 

18 

12 

12 

19 

19 

13 

13 

20 

20 

14 

14 

Those  numbers  which  have  not  the  letters  A,  B,  C,  D  annexed  are 
fractures  by  transverse  stress;  those  with  letters  affixed  are  tensUefirac- 
tures,  except  the  five  pieces  in  the  upper  left-hand  corner  of  Plate  No.  1, 
which  were  fractures  by  torsion,  and  No.  15  A  and  No.  19  C,  in  Plate 
No.  3,  the  former  of  which  is  a  side  view,  showing  surface  markings  of 
crystallization.  The  latter  was  an  accidental  fracture,  which  shows  a 
highly  crystalline  structure^ 
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After  breaking  the  piecen  by  tensile  stress,  as  described  above,  tie 
square  ends  of  tLe  fractured  pieces  were  tunied  into  pieces  sQitable  for 
tests  by  torsion.  The  standard  shape  aud  size  of  theae  torsion  pieces 
are  shown  in  the  sketch  below 


The  pieces  were  turned  with  great  care  to  a  diameter  of  0.625  inch,  an 
measured  by  a  standard  gauge,  and  the  distance  between  fillets  and  the 
shape  of  the  fillets  were  made  uniform  by  comparing  with  a  standard 
templet.  The  pieces  which  were  too  brittle  to  be  tamed  in  a  lathe 
were  shaped  by  grinding  with  an  emery-wheel  in  an  apparatus  designed 
for  the  purpose. 

The  pieces  fix)m  each  bar  were  marked  with  the  letters  A,  Bj  C,  D  in 
addition  to  tbe  number  of  the  bar,  these  letters  corresponding  with  those 
ou  the  tension  pieces,  A  being  the  piece  nearest  the  top  of  the  bar,  B 
nearest  the  bottom,  and  G  and  D  from  the  middle. 


Fig.  a 

The  tests  by  torsion  were  made  in  Prof.  K  H,  Thurston's  machine  for 
testing  the  strength,  elasticity,  shock-reaistiog  power  of  resilience,  and 
the  homogeneousnesB  of  metal.  The  material  is  tested  by  twisting,  by 
which  is  obtained  a  greiit  range  of  distortion  and  the  most  favorable 
treatment  for  revealing  all  the  characteristics  of  the  test-piece.  The 
latter  is  placed  between  two  independent  jaws,  one  of  which  is  rotated 
by  means  of  an  arm  in  the  simpler  styles,  and  in  the  one  here  illustrated 
by  a  worm,  L,and  gear  M.   The  force  thus  applied  is  transmitted  through 
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the  test-piece  to  the  other  jaw,  from  which  depends  a  weighted  arm  or 
pendnlom,  B.  The  resistance  offered  by  this  pendulum  to  the  force 
tending  to  deflect  it  from  the  vertical,  causes  that  force  to  react  upon 
the  test-piece  and  produce  distortion  and  fracture.  The  angular  posi- 
tion assumed  by  the  pendulnm  is  a  measure  of  that  force.  A  pencil  is 
secured  to  the  pendulum  and  is  moved  when  the  latter  is  thrust  for- 
ward, in  a  direction  perpendicular  to  the  plane  of  rotation,  by  its  con* 
tact  with  a  guide-curve,  F,  fastened  to  the  frame  of  the  machine.  A 
cylinder,  G,  is  secured  to  that  jaw,  which  is  moved  by  the  gear-wheel. 
The  cylinder  and  the  pencil  have  precisely  the  relative  movements  of 
the  two  ends  of  the  test-piece,  so  that  the  length  of  the  curve,  automat- 
ically described  by  the  pencil  ux)on  a  paper  wrapped  about  the  cylinder, 
becomes  a  measure  of  the  degree  of  distortion  or  of  the  ductility,  and  its 
height  measures  the  resistance  offered  by  the  material. 

The  material  thus  tells  its  own  story,  these  elements  recording  them- 
selves simultaneously  and  continuously  from  the  initial  point  to  the  point 
of  final  rupture. 

The  diagrams  made  by  the  machine  sbow  to  the  eye  at  a  glance  the 
nature  of  the  material  tested  and  are  very  characteristic. 

In  making  a  test  with  this  machine,  the  test-piece,  of  the  form  shown 
on  previous  page,  is  placed  in  the  jaws  of  the  two  wrenches,  each  of 
which  takes  one  of  its  squared  ends,  and  force  being  applied  to  the  handle 
L,  the  stress  thrown  upon  the  specimen  is  transmitted  through  it  to  the 
weighted  arm  B,  causing  it  to  swing  about  its  axis  until  the  weight  ex- 
erts a  moment  of  resistance  which  equilibrates  the  moment  of  the  applied, 
force.  As  the  magnitude  of  the  distorting  force  changes,  the  position 
of  the  weight  simultaneously  changes,  and  the  pencil  indicates,  at  each 
instant,  the  value  of  the  stress  ux)on  tne  test-piece.  As  the  piece  yields 
under  stresses  of  increasing  amount,  also,  the  pencil  is  carried  in  tbe 
direction  of  the  circumference  of  the  cylinder  on  which  its  record  Is 
made,  and  to  a  distance  which  is  proportional  to  the  amount  of  distortion, 
i.  e.,  to  the  ^' total  angle  of  torsion." 

As  the  applied  force  increases,  the  specimen  yields,  and  finally  rupture 
occurring,  the  pencil  returns  to  the  base-line,  at  a  distance  from  the 
8tarting-x)oint  which  measures  the  angle  through  which  the  test-piece 
yielded  before  its  fracture  became  complete. 

Beferring  to  the  diagrams  obtained  in  making  these  tests,  which  are 
api)ended  to  this  report,  it  is  seen  that  the  vertical  scale  of  the  diagrams 
is  a  scale  of  torsional  moments,  and  the  horizontal  scale  is  one  of  total 
angles  of  torsion.  Since  the  resistance  to  shearing,  in  a  homogeneous 
material,  varies  with  the  resistance  to  longitudinal  stress,  it  follows  that 
the  vertical  scale  is  also  for  siich  materials  a  scale  of  direct  resistance, 
and  that  with  approximately  homogeneous  substances  this  scale  is  ap- 
proximately accurate  where  all  specimens  compared  are  of  the  same 
dimensions.  Since  the  elasticity  of  the  material  is  measured  by  the 
ratio  of  the  distorting  force  to  the  degree  of  temporary  distortion  pro- 
duced, the  diagrams  will  exhibit  the  elastic  properties  of  the  material, 
as  well  as  measure  its  ductility  and  its  resilience. 

It  will  be  noticed  also  in  these  diagrams  that  the  first  portion  of  the 
line  is  usually  a  curve  of  small  radius,  convex  tx)ward  the  axis  of  ab- 
scissas, and  that  the  line  then  rises  at  a  slight  inclination  from  the  ver- 
tical, but  becoming  very  nearly  straight  until,  at  a  point  some  distance 
above  the  origin,  it  takes  a  reversed  curvature.  The  first  portion  of  the 
line  is  probably  formed  by  the  yielding  of  the  packing-pieces  securing 
the  heads  of  the  specimen,  and,  after  they  have  taken  a  bearing,  by  the 
early  yielding  in  some  materials  of  particles  already  overstrained  by 
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internal  stresses.  When  a  firm  hold  is  obtained,  the  line  becomes  nearly 
straight,  and  the  amount  of  the  distortion  is  seen  to  be  approximately 
proportional  to  the  distorting  force,  and  the  inclination  of  the  line  is 
therefore  a  measure  of  the  stUFness  of  the  material. 

The  point  of  the  line  where  the  reversed  curvature  takes  place  marks 
the  limit  of  elasticity ;  that  is,  the  point  at  which  the  distortion  increases 
suddenly  much  more  rapidly  than  the  applied  force. 

The  brittle  metals,  in  which  these  elastic  limits  are  not  reached  before 
firacture,  also  do  not  give  in  the  torsion  diagram  any  curve  with  reversed 
curvature,  but  the  iSies  rise  nearly  straight,  with  a  slight  inclination 
from  the  vertical  till  fracture  takes  place. 

The  following  rules  are  of  service  in  interpreting  the  diagrams : 

il)  To  determine  the  hofnogeneausness  of  the  nuUerioL 
examine  the  form  of  the  initial  portion  of  the  diagram  between  the 
starting-point  and  the  first  sudden  change  of  direction  which  indicates 
the  elastic  limit.    If  otice  also  its  inclination  from  the  vertical  and  com- 
pare with  it  the  inclination  of  the  ^'elasticity  line." 

A  perfectly  straight  line  beneath  the  elastic  limit,  perfectly  parallel 
with  the  ^'elasticity  line,"  shows  the  material  to  be  homogeneotis  as  to 
strain;  t.  6.,  to  be  free  from  internal  strains  such  as  are  produced  by 
irregular  and  rapid  cooling  or  by  working  too  cold.  Any  variation  &om 
this  line  indicates  the  existence  and  measures  the  amount  of  strain.  A 
line  considerably  curved  exhibits  the  existence  of  such  strain. 

Kext  examine  the  form  of  the  curve  immediately  after  passing  the 
elastic  limit. 

A  line  rising  from  the  elastic  limit  regularly  and  smoothly,  approxi- 
mately parabolic  in  form,  and  concave  toward  the  base  line,  indicates 
homogeneousness  to  strv^cture  and  the  absence  of  such  impertections  as  are 
produced  in  wrought  iron  by  cinder,  or  in  cast  metals  which  have  been 
worked  from  ingots,  by  porosity  of  the  ingot. 

A  line  turning  the  corner  sharply  when  passing  the  elastic  limit  and 
then  running  nearly  or  quite  horizontal,  as  in  irons  usually  and  in  low 
steel,  or  actually  becoming  convex  toward  the  base-line,  as  with  some  of 
the  woods,  and  then  after  a  time  resuming  upward  movement  by  taking 
its  proper  parabolic  path,  indicates  a  decided  want  of  this  kind  of  homo- 
geneity. The  relative  length  of  the  depressed  portion  of  the  line,  and 
the  amount  of  depression,  measure  the  relative  defectiveness  of  materials 
compared  in  this  respect. 

Finally,  compare  the  diagrams  produced  by  several  specimens  of  the 
same  kind  of  material  or  from  the  same  mass. 

Homogeneousness  in  general  character  and  homogeneousness  in  compo- 
sition are  proven  by  the  precise  similarity  of  these  diagrams,  while  a 
greater  or  less  variation  of  the  curves  compared  indicates  a  greater  or 
less  difference  in  the  specimens  of  which  they  are  autographs. 

Materials  should  usually  exhibit  great  homogeneousness  in  all  these 
three  ways  to  be  perfectly  reliable.  Perfect  homogeneousness  is  not  to 
be  expected  in  either  respect. 

(2)  To  determine  tJie  elastic  resistance  of  the  specimen. 

Measure  the  height  of  the  curve  at  the  elastic  limit,  using  the  scale  of 
torsion,  or  for  tension,  which  is  given  for  each  machine  and  for  each 
standard  size  of  test-piece. 

(3)  To  determine  the  resistance  offered  to  any  given  amount  of  extension 
or  that  producing  a  given  set. 

Measure  the  height  of  the  curve  at  the  point  whose  distance  from  the 
origin  measures  the  assumed  degree  of  set. 
(1)  To  determine  the  ultimate  resistance  of  the  material. 
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Moasare  in  a  similar  manner  the  maximam  height  of  the  curve. 

(5)  To  determine  the  resilience  of  the  piece  within  the  elastic  limits  i.  e.^ 
the  work  reqaired  to  produce  an  evident  and  permanent  set,  approxi; 
mately  proportional  in  amount  to  the  degree  of  change  of  form  of  the 
specimen.  (This  quantity  measures  t?^  power  of  tlie  material  to  resist 
blows  J  and  its  determination  is  evidently  quite  as  important  as  that  of 
i^esistance  to  simple  stress,  which  latter  forms  one  of  the  factors  of  the 
former.) 

]Vleasure  the  area  comprised  between  the  ordinate  of  the  curve  at  the 
elastic-limit  and  the  initial  part  of  the  curve.  This  quantity  is  propor- 
tional to  the  required  value. 

(6)  To  determine  the  resilience  of  the  material  within  any  assumed  limit 
ofextensiony  i.  6.,  the  magnitude  of  blow  required  to  produce  a  given  set. 

Measure  the  area  of  the  curve  up  to  the  assumed  limit. 

(7)  To  determine  the  total  resilience  or  shock-resisting  power  of  the 
material. 

Measure  the  total  area  of  the  diagram. 

For  ductile  metals  an  approximate  value  is  obtained  by  taking  two- 
thirds  the  product  of  the  maximum  tenacity  by  the  maximum  extension. 
For  hard  and  very  brittle  materials  one-half'  the  same  product  gives  very 
accurately  its  values.  For  intermediate  qualities  the  true  value  is  more 
nearly  two- thirds  tiiis  product;  also  Swedish  wrought  iron,  white  cast 
iron  and  hardened  steel,  illustrate  the  first  and  the  second  classes;  ordi- 
nary tool-steels  are  examples  of  the  third  class. 

(e5)  To  determine  the  effect  of  a  load  given  in  pounds  per  square  inch  of 
stress. 

Find  a  point  in  the  curve  having  an  altitude  which  measures  the  given 
stress,  the  abscissa  of  that  point  measures  the  extension  under  that  load. 

In  other  words,  a  point  being  found  in  the  curve,  the  height  of  which 
above  the  base-line  is  equal  to  the  load  per  square  inch,  its  horizontal 
distance  from  the  origin  measures  the  extension  of  the  material  as  pro- 
duced by  that  stress. 

In  calculating  the  torsional  moments  from  the  diagrams  the  scale  used 
was  the  following,  the  100-pound  weight  being  used  on  the  arm: 

"'S^mtear  !  =[(-«»^««  o^  ordinatexll7.443)  +  11.856]. 

For  resilience  the  following  scale  was  used: 

Besilience,  in  foot-pounds  of  work=(area  of  diagram  in  square  inches 
X  20.490)  -f  (maximum  abscissa  in  inches  x  1.893). 

These  scales  were  determined  by  careful  experiment  and  measurement 
upon  the  machine  used  in  the  tests  ("  Standard"  machine  Ko.  7,  Stevens 
Institute  of  Technology). 

On  comparing  the  autographic  strain-diagrams  of  the  torsion  tests 
with  the  curves  of  tests  by  transverse  and  tensile  stresses,  made  by  plot- 
ting the  figures  of  the  records  of  the  latter,  Plate  VIII,  it  will  be  seen 
that  with  each  bar  there  is  a  very  marked  similarity  in  the  shape  of  its 
curves  produced  hy  each  of  the  three  methods  of  tests  The  ductile  ma- 
terials, by  either  method  of  test,  give  curves  which  become  nearly  par- 
allel to  the  axis  of  the  abscissas  long  before  fracture,  while  the  brittle 
materials  give  curves  in  which  the  reversed  curve,  concave  to  the  axis 
of  abscissas,  never  takes  place. 

In  testing  the  torsion  pieces  of  all  bars  from  Ko.  1  (all  copper)  to  No. 
8  (76.64  copper,  23.24  tin)  inclusive,  the  weight  on  the  end  of  the  arm 
of  the  torsion  machine  was  100  pounds.  In  testing  all  the  remaining 
metals  the  weight  was  either  wholly  removed  and  the  weight  of  the  arm 
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aloue  farnisbed  the  distorting  and  breaking  force,  or  a  weight  of  30 
pounds  was  snbstituted  for  the  100  pounds.  In  calculating  the  strength 
and  the  resilience  from  the  diagrams,  the  ordinates  of  the  curve  are  mul- 
tiplied by  a  greater  or  less  factor  acconling  as  the  greater  or  less  weight 
was  used  on  the  arm.  The  ductility  of  the  material  is  measured  by  the 
angle  of  torsion  and  is  indei>endent  of  tbe  weight  used. 

In  addition  to  the  diagrams,  tables  are  appended  giving  the  results  of 
the  calculations  made  from  tbem,  viz,  tbe  area  of  the  diagram,  with  the 
resilience  calculated  therefrom }  the  maximum  ordinate,  with  it6  corre- 
sponding maximum  torsional  moment,  which  is  approximately  pro[x>r- 
tional  to  the  tensile  strength  of  tbe  material;  the  ordinate  at  the  elastic 
limit,  with  its  corresponding  torsional  moment,  which  is  also  approxi- 
mately proportional  to  the  tensile  strength  at  the  elastic  limit;  and  the 
angle  of  torsion,  and  the  extension  in  parts  of  its  original  length  of  an 
exterior  fiber  or  hue  of  particles  on  tbe  surface  of  the  cylindrical  portion 
of  the  test-piece,  which  is  calculated  from  the  angle  of  torsion  and  is 
directly  proportional  to  tbe  ductility. 

From  the  appended  tables,  to  which  are  given  the  results  of  the  cal- 
culations of  the  autographic  diagram  of  each  test-piece,  a  condensed 
table  has  been  made,  which  is  given  below,  which  gives  the  {average  of 
results  of  the  several  test- pieces  from  each  bar.  In  making  the  averages, 
those  tests  which  are  evidently  unsatisfactory,  tVom  the  presence  of  large 
blow-holes  in  the  center  of  the  test  specimen,  are  rejected.  In  the  tables 
at  the  end  of  the  report  the  tests  which  are  rejected  are  indicated. 
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NOTES  ON  THE  TESTS  BY  TORSION. 

EeferriDfif  to  the  above  table,  it  will  be  seen  that  the  relative  strength 
and  ductility  of  the  various  bars  in  the  series,  as  found  by  the  tests  by 
torsional  stress,  agree  closely  with  the  testu  of  the  same  bars  by  trans- 
verse and  ten^le  stress.  The  copper  bar  No.  30  shows  much  greater 
strength  and  ductility  than  No.  1,  as  would  be  exi)ected  flrom  the  spongy 
structure  of  the  latter. 

There  is  a  regular  increase  of  strength  in  the  series  to  No.  7  (80.95 
copper,  18.84  tin),  as  shown  by  the  other  tests.  The  strength  then 
rapidly  decreases  to  N3.  12  (62.31  copper,  37.35  tin),  the  weakest  of  the 
series.  The  same  general  weakness  and  irregularity  are  observed  in  the 
bars  from  No.  12  to  No.  20  (25.85  copper,  73.80  tin),  as  was  shown  in  the 
tests  by  tensile  and  transverse  stress.  The  second  maximum  iioint  of 
strength  is  again  given  by  No.  21  (23.35  copper,  76.29  tin),  from  which 
point  the  strength  regularly  decreases  to  No.  29  (all  tin).  The  curves 
of  strength  of  the  series  by  tensile  and  torsional  stresses  fPlate  VIII) 
Bhow  the  close  agreement  of  the  results  of  the  two  kinds  of  tests. 

Referring  to  the  autographic  strain-diagrams  of  the  test«  by  torsion 
(Plates  XXII  to  LXXVI)  and  to  the  tables  of  results  calculated  from 
the  diagram  of  each  piece,  the  following  observations  may  be  noted : 

Nos.  1  A,  1  C,  1  D,  Plate  XXII  (cast  copper).  All  of  the  pieces  were 
ftiU  of  blow-holes,  and  the  results  are  of  no  value  except  to  show  the 
worthlessness  of  this  metal  as  ordinarily  cast.  Eor  the  standard  tests 
of  cast  copper  see  No.  30. 

No.  2,  Plates  XXII,  XXIII,  XXIV  (97.89  copper,  1.90  tin).— The  pieces 
marked  A  and  B  were  sound  and  gave  good  results.  Pieces  G  and  D 
contained  several  blow-holes,  and  are  rejected  in  the  averages  as  defect- 
ive. The  fact  that  two  of  these  pieces  were  stronger  than  the  others, 
and  that  the  weaker  pieces  were  taken  from  the  middle  portion  of  the 
bar  show  the  cause  of  the  defective  transverse  strength,  and  show  also 
that  the  defects  in  some  of  the  bars  were  local  and  did  not  extend 
throughout  the  whole  length.  The  pieces  A  and  B  show  a  high  degree 
of  ductility,  the  total  angles  through  which  they  were  twisted  before 
rupture  being  296  and  339  degrees  respectively. 

No.  3,  Plates  XXV,  XXVI,  XXVII,  XXVIII  (96.06  copper,  3.76  tin).— 
The  four  pieces  tested  give  results  varying  from  128  to  181  foot-pounds 
of  torsional  moment.  The  appearance  of  the  fractures  does  not  indicate 
the  reason  of  the  variation.  The  strongest  piece  had  the  greatest  duc- 
tility, and  the  next  to  the  strongest  had  the  least  ductility. 

No.  4,  Plates  XXVIIl,  XXIX  (92.11  copper,  7.80  tin).— The  pieces 
taken  from  the  ends  of  the  bar,  marked  A  and  B,  gave  the  same  strength, 
viz,  175  foot-pounds  of  moment,  while  the  pieces  from  the  middle  of 
the  bar  marked  C  and  D,  gave  only  140  and  149  foot-pounds  respect- 
ively. The  ductility  varied  in  the  same  direction  as  the  strength,  the 
pieces  from  the  ends  having  extensions  about  twice  as  great  as  pieces 
from  the  middle. 

No.  5,  Plate  XXX  (90.27  copper,  9.58  tin).— Both  pieces  from  the 
lower  half  of  the  bar  were  defective.  The  piece  marked  B  bad  a  large 
cavity,  about  one  inch  long  and  nearly  halt*  an  inch  in  diameter.  The 
existence  of  this  cavity  was  unsuspected  before  the  test  was  made.  The 
piece  marked  D  had  several  small  blow-holes,  and  a  peculiar  dark  color, 
as  if  oxidized,  similar  to  that  which  has  been  noted  under  the  tensile 
tests  of  this  bar.  The  pieces  A  and  G  were  sound,  and  gave  results 
nearly  agreeing  with  each  other. 

No.  6,  Plate  XXXI  (87.15  copper,  12.73  tin).— The  torsional  strengths  of 
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the  fonr  species  varied  from  134  to  183  foot-poands.  The  fractures  show 
tbe  cause  of  tbe  differeuce.  The  fratsturett  of  pieces  from  tlie  upper  half 
of  the  bar,  AaodC,  show  tbe  samesopuratioiiof  tuetals  which  has  been 
remarked  u[>on  in  the  transverse  test  of  thja  bar.  There  are  two  distinct 
colors,  golden-yellow  and  silver-nhite,  mingled  throu^'hout  tbe  sorface 
of  fracture,  showiug  liquation  of  the  metal  iuto  two  diKtinct  alloys.  The 
piece  marked  D,  from  Uie  ni»])er  eud  of  tbe  lower  lialf  of  tlie  bar,  also 
showed  this  separation,  but  in  a  uiueh  Icsa  degree,  or.rather,  the  inter- 
mixture  of  the  two  colors  was  much  closer  and  finer,  Eio  that  a  close  in- 
spection was  required  in  order  to  recoguizo  it.  The  fracture  was  some- 
what similar  to  that  of  the  tenslou  test-piece,  No.  G  B.  In  the  torsion 
Eiece,  from  the  lower  end  of  the  bar  No.  ti  B,  liqnatioii  was  not  observa- 
le,  and  the  fractare  apiieared  quite  homogeneous,  and  of  a  uniform 
golden-yellow  color,  similar  to  that  of  No,  5  A  or  C.  As  might  be  ex- 
pected, this  piece  was  tbe  strongest  of  tbe  four,  its  maximum  torsional 
moment  being  182  foot-pounds,  while  those  of  the  pieces  A,  C,  aud  D  were 
14d,  144,  and  134  foot-pounds,  re8i>ec lively. 

Theductilityof  this  piece  (No.  (>U)waa  also  considerably  greater  than 
that  of  either  of  the  others.  The  shai>es  of  the  surfaces  of  fracture  by 
torsional  stress  of  the  fonr  pieces  also  illustrate  in  a  marked  degree 
their  differences  of  properties.  The  pieces  A  and  0  have  the  irregular 
diagonal  or  conoidal  fracture  which  is  characteristic  of  all  brittle  metals 
and  of  those  having  only  a  limited  amount  of  ductility,  such  as  cast  iron 
(Fig.  9),  while  the  fracture  of  piece  B  is  nearly  smooth,  aud  lies  iu  a  plaue 
perpendicular  to  the  axis  of  the  specimen. 


This  fracture  is  characteristic  of  wrongbt  iron  {Fig.  10),  and  of  all 
metals  which  are  similarly  ductile.  The  fracture  of  the  piece  markeil 
I>  was  partly  diagonal  and  partly  perpendicular  to  the  axis,  showing  a 
structure  with  a  character  between  those  of  pieces  A  and  B. 

Tbe  analyses  of  the  turnings  from  the  upper  and  lower  halves  of  the 
bar  do  not  show  any  variation  in  comparison  which  can  account  for  the 
variation  in  structure  or  in  strength.  The  composition  of  the  original 
mixture  was  86.57  copier,  13.43  tin,  and  tlie  analyses  gave  for  the  upper 
half  of  the  bar  87.15  copper,  12.69  tin,  and  for  the  lower  half  87,15  copper, 
12.77  tin.  The  difference  in  structure  is  possibly  accounted  for  by  tbe 
more  rapid  cooling  of  the  metal  at  the  lower  end  of  the  mold,  which' cool- 
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ing  would  prevent  a  separation  of  the  metals,  or  it  may  be  that  the  greater 
pressure  sustained  by  the  molten  metal  at  the  bottom  of  the  mold  pre- 
vented such  separation  and  rendered  the  metal  more  compact. 

The  liquation  which  is  observed  in  this  bar  appears  to  be  of  a  differ- 
ent character  from  that  of  bars  Nos.  14  and  17,  in  which  the  upper  end 
of  the  bar  contained  more  copper  and  the  lower  end  more  tin.  The  vari- 
ation of  composition  between  the  upper  and  lower  halves  of  bar  No.  14 
was  as  great  as  24  per  centj  and  from  the  appearance  of  the  metal  in 
different  portions  of  this  bar,  it  was  evident  that  the  percentage  of  cop- 
per increased  gradually  from  the  bottom  to  the  top,  and  in  no  part  of 
the  bar  was  there  any  appearance  of  a  mottled  mixture  of  two  colors,  as 
in  bar  No.  6. 

The  tests  by  transverse  stress  showed  that  bar  No.  6  had  a  much  less 
transverse  strength  than  either  No.  6  or  No.  7,  and  if  introduced  in  the 
curve  of  tests  by  transver^^e  stress,  would  make  a  break  in  its  regularity. 
The  fact  that  the  torsion  piece,  No.  6  B,  of  the  same  composition  as  the 
other  |>ieces  from  the  bar,  had  such  a  difference  in  structure,  color, 
strength,  and  ductility,  shows  that  the  weakness  of  the  bar,  as  tested  by 
transverse  stress,  is  not  a  necessary  accompaniment  of  its  composition, 
and  it,  no  doubt,  would  have  given  much  higher  results  if  the  whole  bar 
Lad  been  cooled  in  exactly  the  same  manner  and  subjected  to  the  same 
pressure  as  the  bottom  of  the  bar. 

In  cx)mpiling  the  table  of  average  results  of  torsion  tests  given  above, 
the  results  of  the  tests  of  the  pieces  A,  (J,  and  D  are  rejected  as  defective, 
and  the  piece  B  is  considered  the  only  sound  piece  from  the  bar. 

The  curve  plotted  from  this  table  (Plate  III)  then  shows  a  regular  in- 
crease from  No.  1  to  No.  7  (all  copper  to  80.95  copper,  18.84  tin),  without 
any  such  break  as  it  would  have  if  the  three  pieces  from  the  upper  por- 
tion of  bar  No.  6  were  admitted  in  the  averages. 

No  7,  Plate  XXXI I  (80.95  copper,  18.84  tin).— The  piece  from  the  lower 
end  of  the  bar  No.  7  B  was  found,  upon  testing,  to  contain  a  large 
cavity,  similar  to  that  in  No.  5  B.  The  result  of  the  test  of  this  piece  is 
therefore  omitted  from  the  averages.  The  other  pieces.  A,  0,  and  D,  were 
sound  and  gave  good  results,  and  agree  with  the  transverse  and  tensile 
tests  in  showing  the  bar  to  be  the  strongest  of  the  series,  but  as  hav- 
ing very  little  ductilitv. 

No.  8,  Plate  XXXII  (76.64  copper,  23.24  tin).— The  four  pieces  all 
gave  good  results.  By  inspection  of  the  diagrams  of  these  pieces,  it  will 
be  obseixed  that  the  elastic  limit  was  not  reached  till  fracture  took  i>lace, 
as  each  diagram  is  nearly  a  straight  line,  slightly  inclined  from  the  verti- 
cal instead  of  being  a  curved  line  gradually  approaching  the  horizontal, 
such  as  was  given  by  all  the  more  ductile  pieces.  These  diagrams  cor- 
respond with  the  curves  plotted  from  the  results  of  the  transverse  tests 
(Plate  XVI),  which  also  are  nearly  straight  lines  from  the  beginning 
of  stress  to  the  point  of  fracture,  and  fail  to  show  an  elastic  limit,  frac- 
ture apparently  occurring  before  passing  that  limit.  This  comxiosition, 
though  somewhat  hard  and  brittle,  works  very  well  in  the  lathe  or 
planer. 

The  composition  75.00  copper,  25.00  tin  is  used  by  the  Messrs,  Perkins 
for  the  piston-rings  of  their  high-pressure  steam-engines  without  lubri- 
cation. 

No.  9  to  No.  17,  Plates  XXXII,  XXXIII,  XXXIV  (29.89  to  57.30  tin)  — 
The  bars  No.  9  to  No.  17,  inclusive,  were  so  very  hard  that  it  was  impos- 
sible to  turn  torsion  pieces  in  the  lathe  to  standard  size  without  risk  of 
breaking  them.  They  were  therefore  only  turned  to  cylindrical  form, 
with  diameters  varying  from  0.890  to  0.970  inch.    Many  of  the  pieces 
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broke  in  the  lathe  even  before  the  cylindrical  form  was  reached,  and 
thus,  in  many  cases,  only  one  or  two  pieces  conld  be  obtained  from  a 
bar.  A  few  of  the  pieces,  Nos.  9, 10, 11,  and  12,  conld  not  be  cnt  at  all 
with  the  hardest  steel  tool,  and  were  ground  on  a  small  emery  wheel. 

On  account  of  the  great  lack  of  strength  of  these  pieces,  the  lOO-poand 
weight  was  removed  from  the  arm  of  the  machine,  and  the  weight  of 
tbe  arm  alone,  or,  in  some  cases  with  a  30-pouud  weight  attached, 
was  used  to  measure  the  resistance.  The  diagrams  of  strain  of  all  these 
pieces  are  similar  in  character,  being  almost  straight  lines,  very  nearly 
vertical,  and  showing  no  elastic  limit  or  i)oint  of  change  of  direction  of 
the  line  towards  the  horizontal. 

The  torsional  moments  of  the  pieces,  whose  diameters  are  larger  than 
the  standard  size  (0.G25  inch),  were  reduced  to  the  equivalent  momentrt 
of  pieces  of  standard  size  by  dividing  them  by  tibe  ratio  of  the  cubes  of 
the  diameters  of  the  pieces  to  the  cube  of  0.625,  since  the  resistances  to 
rupture  by  torsion  of  pieces  of  different  diameters  vary  as  the  cnbes  of 
the  diameters.  Thus  reduced,  the  maximum  torsional  moments  of  these 
pieces  range  from  7.06  to  29.61)  foot-pounds;  or  they  were  nearly  from 
^  to  1^  as  strong  as  the  strongest  piece  tested,  No.  7  C. 

The  resiliences,  t.  e.,  the  amounts  of  energy  expended  or  work  done  in 
producing  the  rupture  of  these  brittle  pieces,  are  not  reduced  to  the 
equivalents  of  pieces  of  standard  size,  since  the  relation  between  the 
diameters  and  resilience  was  undetermined.  The  figures  of  resilience 
which  are  given  in  the  tables  do  not  represent  the  moduli,  but  are  the 
absolute  resiliences  of  the  pieces  tested.  The  resilience  reduced  to  a 
modulus  lor  the  standard  diameter  would  be  much  smaller. 

The  enormous  difference  in  resilience  between  these  brittle  specimens 
and  those  more  ductile  is  seen,  even  without  reducing  them  to  a  common 
standard. 

The  resiliences  of  the  brittle  pieces  of  large  diameters  vary  from  0.19 
to  0.92  foot-pounds,  while  that  of  No.  3  A,  the  most  resilient  piece  of 
standard  size,  is  936.56  foot-pounds. 

No.  18,  Plate  XXXI 7  (38.37  copper,  61.32  tin).— Three  torsion  pieces 
were  obtained  from  this  bar,  of  which  two  were  turned  to  the  standard 
size.  The  diagrams  show  the  same  distinguishing  characteristics  as 
those  of  Nos.  9  and  17,  except  that  a  slightly'  greater  inclination  from 
the  vertical  is  tp  be  noted,  indicating  less  stiffness. 

No.  19,  Plate  XXXIV  (34.22  copper,  65.80  tin).— Three  torsion  pieces 
were  tested  which  gave  tlie  characteristic  diagrams  of  weak  and  brittle 
materials,  but  the  piece  marked  B  was  nearly  three  times  as  strong  as 
the  pieces  marked  A  and  D.  This  is  readily  accounted  for  on  examining 
the  appearance  of  the  fracture.  It  was  coarsely  granular,  while  the 
fractures  of  the  pieces  A  and  D  were  coarse  and  laminated  or  crystal- 
line. This  difference  of  structure  does  not  appear  to  be  due  to  a  differ- 
ence of  composition,  but  it  may  be  a  consequence  of  a  diff'erence  in  the 
rate  of  cooling  of  the  upper  and  lower  ends  of  the  bar,  or  of  a  difference 
in  pressure  in  the  liquid  metal,  such  as  has  been  observed  in  the  notes 
on  the  test  of  No.  6  B. 

No.  20,  Plate  XXXIV  (25.85  copper,  73.80  tin).— Four  pieces  were 
tested,  which  exhibited  the  same  differences  in  strength  and  in  stiiicture 
that  were  shown  in  No.  19.  The  piece  A  had  a  large  prismatic  crystal- 
line or  laminated  structure,  and  the  piece  gave  a  torsional  moment  of 
only  10.84  foot-pounds.  The  piece  O  had  a  crystalline  structure,  but  the 
crystals  were  very  much  smaller,  were  more  confused  and  less  well- 
defined.  The  torsional  moment  was  25.35  foot-pounds.  The  piece  D  was 
different  from  either,  being  rather  open  and  granular  and  of  a  little 
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darker  color  than  either  of  the  others.  It  was  also  very  weak,  giving  a 
torsional  moment  of  only  12.44  foot- pounds.  The  piece  B  again  differed 
from  all  the  others.  It  had  a  very  close,  fine,  granular  structure,  and  in 
color  similar  to  those  of  A  and  C.  There  was  a  blow-hole  in  the  center 
of  the  specimen,  about  i  inch  long  and  0.15  inch  in  diameter,  but  not- 
withstanding the  blow-hole  it  was  much  the  strongest  of  any  of  the  four 
pieces,  having  a  torsional  moment  of  35.44  foot-pounds. 

These  difterences  in  structure  are  not  shown  by  the  analyses  to  be  due 
to  liquation,  as  there  is  but  little  difference  in  composition  of  turnings 
from  different  portions  of  the  bar,  and  similar  ap|)earances  of  color  and 
structure  are  observed  in  pieces  which  are  known  to  vary  in  composition 
as  much  as  10  per  cent.  In  the  grayish- white  alloys  the  prismatic  crys- 
taUine  structure  is  usually  found  in  the  upper  portion  of  the  bar,  and  it 
is  always  accompanied  by  deficiency  in  strength.  It  is  perhaps  due  to 
slow  rate  of  cooling,  or  to  lighter  pressure  than  is  sustained  by  the 
metal  at  the  bottom  of  the  mold. 

No.  21,  Plate  XXXIV  (23.35  copper,  76.29  tin)  had  a  cavity  extending 
through  its  whole  length  except  five  inches  of  the  upper  end.  A  torsion 
piece  could  only  be  obtained,  therefore,  from  this  upper  portion.  It  ex- 
hibited a  torsional  resistance  of  41.50  foot-pounds,  which  is  greater  than 
that  of  any  piece  from  Ko.  9  (69.84  copper,  29.89  tin)  to  No.  29  (all  tin). 
This  gives  a  second  maximum  point  of  strength  in.  the  series,  and  one 
corresponding  to  those  obtained  by  tensile  and  transverse  stress.  The 
structure  was  similar  to  that  of  the  piece  No.  20  B. 

No.  22,  Plate  XXXIV  (20.25  copper,  79.64  tin).— Four  pieces  were 
tested,  showing  resistances  varying  from  12.24  to  33.43  foot-pounds  of 
torsional  moment.  The  fractures  were  all  confusedly  crystalline,  showing 
some  difterences  in  structure,  which  may  account  for  their  differences  in 
strength.  The  strongest  piece,  No.  22  B,  h^ui  an  angle  of  torsion  of  10 
degrees,  which  is  greater  than  that  of  any  piece  between  No.  8  and  Na 
22,  and  marks  the  beginning  of  the  ductile  specimens  at  the  latter  end 
of  the  series.  From  No.  22  there  is  a  regular  increase  of  ductility  to  Na 
29  (all  tin),  which  is  the  most  ductile  of  the  series. 

No.  23,  Plate  XXXV  (15.08  copper,  84.62  tin).— Three  pieces  were 
tested,  which  gave  diagrams  nearly  similar,  the  strength  ranging  from 
20.31  to  26.36  foot-pounds,  and  the  angles  of  torsion  from  22  to  26.5 
degrees.  As  shown  by  the  diagrams,  each  piece  twisted  through  several 
degrees  after  reaching  its  maximum  resistance,  the  last  portion  of  the 
diagram  being  a  horizontal  straight  line.  This  appears  to  be  a  peculiarity 
of  the  more  ductile  white  alloys.  The  yellow  ductile  metals  do  not  usually 
reach  their  maximum  resistances  till  nearly  at  the  point  of  fracture. 

No.  24,  Plates  XXXV,  XXXVI  (11.49  copper,  88.47  tin).— Four  pieces 
were  tested,  giving  torsional  moments  from  21.32  to  25.35  foot-i)Ounds. 
Great  differences  in  ductility  were  observed  among  these  pieces,  No.  24 
A  having  an  angle  of  torsion  of  16  degrees  and  No.  24  G  an  angle  of  109 
degrees.  There  was  nothing  in  the  appearance  of  the  fracture  which 
would  indicate  the  cause  of  these  differences. 

No.  25,  Plates  XXXVII,  XXXVIII  (8.57  copper,  91.39  tin).— Four, 
pieces  were  tested,  which  gave  diagrams  nearly  similar  in  shape.    The ! 
pieces  A,  G,  and  D  showed  almost  the  same  strength,  viz,  21.32,  20.31, ' 
and  20.91  foot-pounds  respectively,  with  corresponding  angles  of  torsion 
of  153, 123,  and  148  degrees.    No.  25  B  had  much  greater  strength,  viz, 
29.39  foot-pounds,  and  a  smaller  angle  of  torsion,  viz,  102  degrees.    Its 
greater  strength  is  partly  accounted  for  by  the  method  of  test.    As 
shown  in  the  diagram,  the  speed  of  the  handle  of  the  machine  was 
increased  in  the  latter  portion  of  the  test,  which  at  once  caused  an  in- 
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creased  resistance,  as  shown  by  the  rise  of  the  diagram.  This  increase 
of  resistance  to  rapid  motion  uniformly  took  place  in  all  the  white  duc- 
tile alloys,  and  agrees  with  that  which  has  already  been  noted  under 
the  transverse  and  tensile  tests.* 

No.  26,  Plates  XXXIX,  XL  (3.72  copper,  9631  tin).— Four  pieces 
were  test-ed,  but  two  are  rejected  from  the  table  of  averages  on  account 
of  the  existence  of  blow-holes,  which  were  found  in  the  center  of  the 
pieces  after  testing  them.  The  remaining  pieces  B  and  D  exhibited  re- 
sistances of  19.30  and  26.36  foot-pounds,  and  gave  angles  of  torsion  of  251 
and  190  degrees,  respectively.  The  test  of  No.  26  D  was  purposely  made 
rapidly,  and  its  increased  resistance  is  thus  accounted  for.  The  increase 
of  resistance  is  apparently  connected  with  a  decrease  of  ductility  in  this 
pie.ce  as  well  as  in  No.  25  B,  but  in  some  other  tests  of  ductile  metals 
this  did  not  alwavs  seem  to  be  the  case. 

No.  27,  Plates  XLI,  XLII,  XLI II  (0.74  copper,  99.02  tin).— Four  pieces 
were  tested,  of  which  two,  A  and  l),  are  rejected  from  the  averages  on 
account  of  blow-holes.  The  pieces  B  and  O  gave  maximum  torsional 
moments  of  17.28  and  19.30  foot-pounds,  with  angles  of  torsion  of  362 
and  412  degrees,  respectively.  Eeferriiig  to  the  diagram  of  No.  27  C,  it 
will  be  seen  that  its  maximum  resistance  took  place  oi3y  at  a  point  where 
there  w&is  a  rapid  motion  of  the  arm  for  an  instant,  and  that  at  every 
other  part  of  the  diagram  the  resistance  was  less  than  that  of  No.  27  B, 
which  was  tested  with  a  uniform  slow  motion.  Although  the  ductility  of 
No.  27  G  is  the  greater,  its  resilience  is  less,  which  shows  that  it  had  a 
slower  mean  resistance.  At  diiierent  points  of  this  test  the  rate  of  mo- 
tion was  changed,  and  at  times  stopped  entirely.  At  one  time  the  piece 
was  left  under  stress  for  16  hours,  and  at  other  times  for  the  spaces  of 
10  minutes,  2  minutes,  and  1  minute.  At  each  of  these  rests  the  resist- 
ance of  the  piece  decreased,  as  is  shown  by  the  fall  of  the  diagram.  A 
rise  of  the  diagram  is  seen  to  take  place  whenever  there  is  an  increase 
in  the  rate  of  motion.  This  test  exhibits  in  a  very  marked  degree  the 
influence  upon  the  ductile  metals  both  of  rapid  and  slow  distortion,  and 
of  decrease  of  resistance  to  static  load  when  left  for  any  length  of  time.^ 
No.  28,  Plates  XLIV,  XLV,  XL VI,  XL VII  (0.32  copijer,  99.46  tin).— 
Four  pieces  were  tested.  The  test  of  the  piece  A  was  made  with  the 
100-pound  weight  on  the  arm  of  the  machine,  and  consequently  the  ordi- 
nate of  the  diagram  became  so  small  that  too  great  error  in  measure- 
ment may  exist,  and  the  test  is  therefore  rejected  from  the  averages. 
The  other  pieces  were  tested  without  the  weight  on  the  arm,  with  a 
uniform  slow  motion,  and  gave  good  results,  showing  considerable  uni- 
formity, both  in  strength  and  ductility. 

No.  29,  Plates  XLVIII,  XLIX,  L,  LI  (all  tin).— Four  pieces  were 
tested,  the  pieces  A,  B,  and  G  with  ordinary  uniform  slow  motion,  and 
the  piece  D  with  a  much  slower  motion.  The  latter  piece  was  also  left 
under  stress  at  dill'erent  times  for  40  and  for  1, 2,  and  4  hours.  The  first 
three  pieces  showed  gi-eat  uniformity,  their  diagrams  being  almost  ex- 
actly similar.  The  latter,  in  consequence  of  the  very  slow  motion,  ex- 
erted a  much  smaller  resistance,  and,  when  left  under  stress,  a  decrease 
^  of  resistance. 

*     No.  30,  Plates  LII,  LIII  (all  copi)er). — Four  pieces  were  tested,  all 

'  giving  good  diagrams.    The  torsional  moments  varied  from  127  to  lao 

foot-pounds,  and  the  angles  of  torsion  from  105  to  177  degrees.  All  these 

tests  show  this  bar  of  copper  to  be  an  excellent  piece,  confirming  the 

results  of  the  transverse  and  tensile  tests.    Comparing  the  results  of 

*  See  papers  by  the  writer,  Trans.  Am.  Soc.  Civil  Engrs.,  ISTS-W. 
t  See  papers  by  the  writer,  &o. 
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the  tests  of  the  torsion  pieces  of  !N"o.  30  with  those  of  the  other  copper 
piece,  No.  1,  a  very  great  contrast  is  seen.  The  torsional  moments  of 
the  latter  were  only  67  to  76  foot-pounds,  and  the  angles  of  torsion  only 
26  to  49  degrees.  The  fractures  of  No.  30  were  all  compact  and  homo- 
geneous, while  those  of  No.  1  were  all  full  of  blow-holes. 

TESTS  BY  COMPRESSION. 

A  number  of  pieces  were  taken  from  the  broken  tension-test  speci- 
mens and  turned  into  small  cylinders  to  be  tested  by  compressive  stress. 
The  size  of  these  pieces  was  very  accurately  2  inches  in  length  and 
0.625  inch  in  diameter.  The  ends  were  carefully  made  plane  surfaces, 
perpendicular  to  the  axis  of  the  cylinder. 

Nos.  1  D,  25,  26,  27,  and  28,  were  tested  in  a  compression  atta<^hment 
to  the  Bi^hl6  testing-machine  (Fig.  6,  p.  292),  described  in  connection 
with  the  tensile  tests,  and  the  amounts  of  compression  were  measured 
by  the  apparatus  (Fig.  13,  p.  326)  used  in  measuring  tensile  elongations  in 
the  second  series.  For  these  compression  tests  the  level  was  removed, 
the  arm  which  supported  the  level  fixed,  and  a  battery  and  signal  con- 
nected to  determine  the  point  A^^d  instant  of  contact  of  the  end  of  the 
micrometer- screw  by  the  passage  of  a  current  of  electricity. 

All  other  tests  were  made  on  the  testing-machine,  of  100,000  pounds 
capacity,  in  use  by  the  Ordnance  Bureau,  TJ.  8.  A.,  at  the  Army  Build- 
ing, New  York  City.  In  this  machine  the  stress  is  applied  by  means  of 
a  lever  operated  by  hand  through  a  system  of  spur-gearing  with  a  screw, 
and  is  measured  by  a  combination  of  levers.  A  similar  machine,  de- 
signed by  Major  Wade,  is  described  in  a  lleport  of  Experiments  on 
Petals  for  Gannon,  by  officers  of  the  Ordnance  Department,  U.  S.  A., 
1866. 

On  account  of  the  small  lengths  of  the  specimens,  it  was  difficult  in 
this  machine  to  make  direct  measurements  of  the  amounts  of  compres- 
sion. An  approximation  to  the  amounts  was  derived  from  noting  the 
number  of  revolutions  of  the  handle  necessary  to  produce  a  certain  com- 
pression. 

It  was  found  that  47J  turns  of  the  handle  were  required  to  cause  one 
turn  of  the  screw,  which  raised  the  main  lever  of  the  machine.  The  arms 
of  the  lever  were  as  10  to  1,  and  the  pitch  of  the  screw  which  elevated 
it  was  0.4  inch.  From  these  data  it  is  found  that  one  turn  of  the  handle 
should  produce  a  compression  of  the  test  specimen  of  0.000846  inch. 

From  this  is  to  be  subtra<!ted  an  error  due  to  the  spring  or  elasticity 
of  the  machine  itself.  A  close  approximation  to  the  actual  amount  of 
this  error  was  obtained  as  follows : 

The  piece  No.  8  B  was  placed  in  the  machine,  and  after  a  few  hun- 
dred pounds  pressure  was  applied  Jor  the  purpose  of  taking  up  back- 
laah  in  the  gearing,  it  required  296  turns  of  the  handle  to  produce  a 
stress  of  32,000  pounds.  At  the  same  time  the  distance  between  the 
pressure-plates  at  the  top  ar.d  bottom  of  the  piece,  as  measured  by  a 
scale  divided  to  r^  of  an  inch,  was  1.83  inches,  indicating  an  actual 
compression  of  the  piece  of  0.17  inch.  The  calculated  compression,  in-, 
eluding  the  error,  was  296  turns  x  0.000846=0.250416  inch.  The  error 
is,  therelore,  0.250416—0.17=0.080416  inch. 

We  may  safely  assume  that  the  error  due  to  the  elasticity  of  the  parts 

of  the  machine  is  proportional  to  the  stress,  and  hence  -Qonnn~~ 
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0.0000025  is  the  error  of  the  calcnlated  compressioiis  for  each  pound  of 
stress. 

This  comparison  of  calculated  with  actual  compressionfi  was  repeated 
a  great  uumber  of  times  with  nearly  similar  results,  aud  the  averages  of 
the  most  reliable  observations  gave  the  same  figure. 

Table  No.  V,  giving  the  results  of  all  the  tests  by  compressive  stress, 
is  appended.  The  figures  given  in  the  table  as  the  compression  of  the 
pieces  teste<l  in  the  testing-machine  of  the  Ordnance  Bureau  were  calcu- 
late from  the  number  of  turns  of  the  handle  required  to  produce  the 
corresponding  stress,  in  the  manner  above  stated,  using  the  formula 

CssO.000846  N— 0.0000025  P 

where  G  is  the  amount  of  compression  in  inches,  N  the  number  of  turns 
of  the  handle,  and  P  the  applied  stress  in  pounds. 

The  following  table,  Y,  presents  a  condensed  summary  of  the  results 
of  these  experiments.  The  results  are  also  combined  with  those  of  the 
second  series  in  the  plotted  curves  of  Plate  lY. 

Table  V. — Tests  bt  Compressive  Stress. 
First  Series. — AUojfS  of  Copper  and  Tin, 


Vq. 


1 
1 
2 

3 

4 

5 

6 

7 

8 

0 

11 

12 

15 

16 

17 

18 

10 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 


D 


Composition  b j 
analysiB. 


I 


a 


Cart  oopper. 
do 


97.83  I      1.92 

95.  fl6  I      3.  80 

92.07  I      7.76 

90. 43  0.  50 

87. 15  12. 77 

80. 09  la  92 

76. 60  2a  23 

60. 00  29.  85 

65.  31  34. 47 

61.  83  37. 74 

47. 72  51.  99 

44. 62  65. 15 

38.  83  00. 70 

38.  37  61.  32 

34. 22  65.  80 

25. 12  74.  51 

20.  21  70.  62 

15  12  84.  58 

11.  48  88.  50 

8  57  91. 39 

3. 72  96. 31 

0. 74  99.  02 

0.82  00.46 
Cast  tia. 
Cast  ooppor. 


Load  per  sqoare  inch  causing 
a  compression  of— 


& 


Pounds. 
26,000 
33.000 
29.  335 
39,200 
31,500 
82,000 
39,000 
65,000 
101,044 


I 


I 

8 


Pounds.  ! 

39,000  I 
4.5,  500  ! 
34,000  I 
42,048  I 
42,000 
38,000 
53,000 
78,000 


19,567 

17,  927 

16.297 

6.510 

10.  ]04 

0,500 

6,519 

6.519 

6,510 

6,030 

34,000 


Pounds. 

61,  000 
58.671 
40,000 
52, 152 
65,000 
60,000 
80,000 
103,480 


17, 927 

16.297 

(I.  519 

10,104 


6.510 
6,  519 
6, 519 
6,400 
42,000 


17, 927 

16.297 

6, 510 

10,104 


6,519 
6,510 
6,519 
6,510 
58,000 


Pounds. 

74,968 

78,228 

46,203 

52, 152 

84,005 

61,980 

89.636 

103. 489 

114, 081 

146, 676 

84, 747 

39,114 

84, 747 

85, 854 

39,114 

20, 3:)5 

19,657 

17, 927 

16,297 

»,45i 

14,016 

9,778 

9.778 

9,778 

9,778 

7,497 

71,709 


111. 

P«g  It 

llll 


.4480 
.4339 
.3680 
.3026 
.4535 
.3355 
.3860 
.2030 
.0905 
.0350 
.0285 
.0175 
.  0215 
.0066 
.0205 
.0145 
.0555 
.2805 
.2005 
.51H5 
.5040 
.0.>58 
.3422 
.  3«32 
.8760 
.4445 
.3210 


I 


Pounds. 
39,000 

43,500 

34,000 

42,046 

42,000 

38,000 

53,  Ot  0 

78,000 

114,081 

146,676 

84,747 

80,114 

84.747 

85,854 

39,114 

29,335 

19.  557 

17. 927 

16,297 

6,519 

10,104 

9,778 

9,778 

9,778 

9.778 

6,400 

42,000 


Da 

Do. 

Da 

Da 

Da 

Da 

Do. 
Crashed. 

Da 

Da 

Da 

Do. 

Da 

Da 

Do. 

Da 

Do. 

Do. 
Flattened. 

Da 

Do. 

Da 

Da 

Da 

Do. 

Da 


NOTES  ON  THE  TESTS  BT  GOMPBESSION. 


The  more  ductile  alloys,  !N'o.  1  to  No.  7  (all  copper  to  80.95  copper,  18.84 
tin),  and  No  23  (16.08  copper,  84.02  tin)  to  No.  30  (all  copper),  were  not 
crushed  or  broken  by  any  stress  which  could  be  applied  to  them,  but 
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either  bent  after  sustaining  a  certain  degree  of  compression,  or  retaining 
a  vertical  position,  increased  in  diameter  as  the  decrease  in  length  took 
place,  and  gradually  flattened.  Some  of  the  pieces  were  in  this  manner 
compressed  to  less  that  one-half  of  their  original  lengths,  the  resistance 
to  further  compression  always  increasing.  When  the  bending  took  place, 
the  piece  under  compression  would,  in  some  cases,  take  such  a  position 
as  to  gradually  diminish  in  resistance  to  stress,  the  pressure- plates  touch- 
ing only  on  the  edges  of  the  upper  and  lower  surfaces  of  the  piece. 

The  actual  '^  crushing  strengths"  of  the  ductile  metals,  therefore,  can- 
not be  stated ;  but  for  pur])oses  of  cx)mparison  the  crushing  strength  is 
assumed  to  be  that  which  corresponds  to  a  compression  of  one-tenth  of 
the  original  length.  In  the  above  table,  therefore,  the  figures  in  the  col- 
umn headed  ^^  crushing  strength  "  represent,  in  the  cases  of  ductile  metals, 
the  loads  per  square  inch  necessary  to  produce  compressions  of  10  per 
cent,  of  the  original  lengths. 

All  the  brittle  allovs,  and  some  of  those  xK>6se8sing  certain  limited 
amounts  of  ductility,  No.  8  (76.64  copper,  23.24  tin)  to  No.  18  (38.37  cop- 
per,  61.32  tin)  inclusive,  broke  suddenly  when  their  maximum  resist- 
ances were  reached,  and  the  figures  for  their  crushing  strengths  are, 
therefore,  the  actual  values.  In  these,  the  figures  for  ^^  total  compression 
producexl  by  maximum  load  ^  are  the  calculated  compressions  at  the  in- 
stants of  the  sudden  breaking.  In  the  cases  of  the  others,  the  figures  in 
the  same  columns  are  the  total  compressions  which  were  actually  given 
to  the  pieces  without  breaking  tliem,  and  include  the  shortening  of  the 
piece  by  bending,  but  are  not  the  total  amounts  of  comi>ression  which 
might  have  been  produced  if  the  test  had  been  continued  further. 

The  loads  per  square  inch,  producing  compressions  of  5  per  cent,  and 
20  per  cent,  are  also  given  in  the  table  for  purposes  of  comparison« 

By  inspection  of  the  table  and  the  curves  (Plates  IV,  VII),  and  compar- 
ing the  results  with  those  of  the  transverse,  tensile,  and  torsional  stresses, 
some  important  facts  are  observed.  Assuming,  as  already  stated,  that 
the  crushing  strength  of  a  ductile  metal  is  the  load  necessary  to  produce 
a  compression  of  one-tenth  of  the  original  length,  and  that  of  a  brittle 
metal  is  the  load  actually  causing  fracture,  it  is  seen  that  themaximumand 
minimum  compressive  strengths  are  not  found  in  the  compositions  which 
exhibited  maximum  and  minimum  strengths  by  the  other  three  methods 
of  tests.  It  has  already  been  observed  that  the  relative  strengths  of  the 
various  alloys,  as  shown  by  the  other  three  methods  of  tests,  are  similar. 
This  is  not  the  case  with  the  compressive  tests. 

The  maximum  crushing  strength  is  given  by  No.  9  (69.84  copper, 
29.89  tin),  which  gave  results  much  nearer  the  minimum  under  the  other 
forms  of  test.  The  minimum  crushing  strength  is  found  in  tin,  which 
was  superior  to  several  of  the  brittle  alloys  in  other  methods  of  tests,  and 
which  alloys  greatly  surpassed  it  in  tests  by  compi*ession.  It  appears 
that  the  resistance  to  compression  has  an  entirely  different  nature  from 
resistance  to  tension,  and  that  the  tin  qualities  have  no  apparent  rela- 
tion to  each  other. 

The  compression  pieces,  No.  1  (all  copper)  to  No.  6  (90.27  copper,  9.58 
tin),  and  No.  30  (all  copper),  give  results  very  nearly  alike,  varying  from 
34,000  to  42,000  pounds  per  square  inch  to  produce  a  compression  of 
one-tenth  of  the  original  length.  From  No.  6  (87.15  copper,  18.84  tin) 
to  No.  9  (69.84  copper,  29.89  tin)  there  is  a  rapid  incre4ise  up  to  146,676 
pounds  per  square  inch.  From  this  point  a  decrease  takes  place  to  No. 
29  (all  tin).  This  decrease  is  somewhat  irregular.  No.  11  (65.34  copper, 
34.47  tin)  and  No.  15  (47.61  copper,  52.14  tin)  giving  a  crusning  strength 
of  84,747,  and  No.  12  (62.31  copper,  37.35  tin)  only  39,114  pounds.    It 
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would  be  necessary  to  make  a  greater  nnmber  of  tests  before  attempting 
to  explain  this  irregularity,  but  it  does  not  seem  improbable  that  it  may 
be  a  peculiarity  of  these  compositions,  since  No.  12  was  very  different  in 
color  from  both  No.  II  and  No.  15,  and  had  the  highest  density  of  the 
series,  a  density  much  higher  than  that  of  No.  15.  It  may  be  that  an 
alloy  of  nearly  the  composition  of  No.  12  represents  a  second  minimum 
point  of  compressive  strength  in  the  curve,  and  an  alloy  near  No.  15  may 
give  a  second  maximum  point,  as  No.  21  (23.35  copper,  76.29  tin)  gave  a 
second  maximum  by  the  other  tests  and  No.  29  (all  tin)  a  second  min- 
imum. It  will  require  further  tests,  however,  to  settle  this  point 
definitely. 

The  following  phenomena  were  observed  in  connection  with  these 
tests  in  addition  to  those  noted  in  the  tables.  The  behavior  of  the  test- 
pieces  is  clearly  shown  in  the  plotted  curves,  Plate  XX. 

No.  1  (all  copper). — This  piece  had  a  few  small  blow-holes  on  the  turned 
surface,  but  appeared  to  be  sounder  than  most  of  the  bar  from  which  it 
was  taken.  It  was  noticed  to  have  taken  a  scarcely  perceptible  bend 
when  a  stress  of  29,000  pounds  per  square  inch  was  reached  after  a  com- 
pression of  6.4  per  cent.  As  the  stress  increased  the  bending  became 
more  readily  observable,  and  when  the  piece  was  removed,  after  a  com- 
pression of  44.8  per  cent.,  it  was  very  considerable.  The  piece  had  then 
become  much  distorted,  the  bend  taking  a  sx>ecial  direction,  and  the 
diameter  had  increased  to  about  0.77  inch,  varying  slightly  in  different 
portions  of  the  length.  The  amount  of  compression  began  to  vary  more 
rapidly  than  the  stress,  after  a  stress  of  13,000  pounds  per  square  inch 
had  been  applied,  showing  apparently  an  elastic  limit.  It  is  probable, 
however,  that  this  point  does  not  truly  represent  the  limit  of  elasticity, 
but  was  the  point  at  which  the  bending  commenced,  although  its  effect 
was  not  perceptible  till  a  much  higher  stress  had  been  applied,  and  that, 
beyond  this  point,  the  figures  under  the  column  headed  "  comprej*sion  " 
really  represent  a  shortening  of  the  vertical  distance  between  the  ends 
of  the  specimen  by  the  combined  action  of  bending  and  compressive 
stresses. 

No.  1  D  (cast  copper). — A  second  specimen,  taken  from  the  D  end  of 
the  bar,  was  subsequently  tested  in  the  compression  testing  machine. 
The  results  as  plotted  show  a  curve  similar  to  that  of  the  one  just  noted, 
but  the  resistances  to  compression  are  uniformly  higher.  The  maximum 
compression  obtained  was  0.8678  inch  under  a  pressure  of  78,228  pounds 
per  square  inch.  A  pressure  of  81,487 pounds  per  square  inch  was  next 
applied,  which  broke  the  specimen  into  three  parts.  Wedge-shaped 
pieces,  with  bases  the  full  diameter  of  the  test  piece,  separated  at  top  and 
bottom,  the  planes  of  separation  inclining  and  meeting  at  the  middle  of 
one  side.    The  three  pieces  remained  welded  together  by  the  pressure. 

No.  2  (07.83  copper,  1.92  tin). — The  amount  of  compression  was  nearly 
proportional  to  the  stress  up  to  about  25,000  pounds  per  square  inch. 
At  29,000  pounds  per  square  inch  the  bending  of  the  piece  became  per- 
ceptible, ami  at  that  point  a  continuance  of  the  stress  for  about  one 
minute  produced  an  evident  increase  of  the  compression.  From  20,000 
to  46,000  pounds  the  compression  again  varied  nearly  as  the  stress,  but 
the  ratio  of  compression  to  stress  was  much  greater  than  in  the  begin- 
ning of  the  test.  At  46,000  pounds  the  piece  had  a  marked  double  curva- 
ture in  one  plane,  and  appeared  to  slide  on  the  pressure-plates,  so 
that  the  pressure  was  applied  only  on  opposite  edges  of  the  upper  and 
lower  surfaces  of  the  specimen  instead  of  evenly  over  the  whole  surface. 
After  this  point  the  resistance  rapidly  decreased,  not  from  any  giving 
way  of  any  fibers  of  the  material,  but  frt)m  the  specimen  taking  a  posi- 

I 


TESTS   OF  METALS,  317 

tioQ  which  was.  unfavorable  to  resistance  to  stress,  and  bending  then 
took  place  rapidly  without  any  further  compression.  The  resistance  fell 
to  G,000  pounds  per  square  inch,  when  the  piece  finally  only  touched 
the  pressure  plates  with  the  edges  of  its  upper  and  lower  surfaces. 
The  diameter  of  the  specimen  when  removed  bad  increased  to  0.71  inch. 

In  the  plotted  table  of  curves  (Plate  XX)  the  curve  of  this  specimen 
is  seen  to  attain  its  maximum  ordinate  at  46,000  pounds  per  square  inch, 
and  after  that  point  to  rapidly  approach  the  axis  of  abscissas.  It  is  to 
be  noted  in  all  these  tables  and  carves  which  show  a  decrease  of  resist- 
ance after  reaching  a  maximum  that  this  decrease  is  due  to  the  bending 
of  the  specimen  and  not  to  decrease  of  power  to  resist  actual  compression. 

^o.  3  (95.96  copper,  3.80  tin). — The  action  of  this  piece  under  test  was 
similar  to  that  of  No.  2.  The  compression  was  proi)ortional  to  the  stress 
up  to  32,000  pounds  per  square  inch.  Bending  first  became  perceptible 
at  40,000  pounds,  and  soon  afterwards  a  decrease  of  resistance  took 
I)lace.  The  piece  then  seemed,  for  a  short  time,  to  attain  a  position  in 
which  it  could  offer  greater  resistance  to  increased  stress,  and  the 
maximum  was  reached  at  52,000  pounds.  The  resistance  then  decreased 
rapidly  till  the  piece  was  removed.  Its  axis  became  a  line  of  double 
curvature  like  that  of  ISo.  2,  and  the  piece  finally  touched  the  pressure- 
plates  only  with  the  edges  of  its  upper  and  lower  surfaces.  When  re- 
moved the  diameter  was  found  to  have  increased  to  0.68  inch. 

No.  4  (92.07  copper,  7.76  tin). — ^This  piece  bent  under  stress  with  a 
double  curve  similar  to  that  of  No.  3.  The  apparent  elastic  limit  was 
reached  at  26,000  pounds,  and  bending  was  first  observed  at  29,000 
pounds  -J  the  maximum  resistance  was  reached  at  84,000  pounds,  after 
which  it  rapidly  decreased  by  reason  of  the  bending.  When  removed, 
the  diameter  was  found  to  be  increased  to  0.73  inch. 

No.  5  (90.43  copper,  9.50  tin). — The  compression  was  proportional  to 
the  stresses  onl^'  to  20,000  pountis  per  square  inch,  but  bending  was 
not  observed  until  32,000  pounds  had  been  reached.  The  bending  took 
place  in  one  plane,  giving  a  double  curv<iture,  and  increased  rapidly, 
so  that  the  maximum  resistance  was  reached  at  61,930  pounds  per 
square  inch.  The  resistance  then  decreased  rapidly  to  13,000  pounds, 
when  the  piece  had  taken  such  a  position  that  it  ceased  to  resist  further 
compression,  and  slipped  out  from  between  the  x)lates.  The  diameter 
was  found  to  have  increased  to  0.69  inch. 

No.  6  (87.15  copper,  12.77  tin). — This  piece  was  taken  from  the  bottom 
of  the  bar,  where  the  metal  was  found  by  the  torsion  tests  to  be  the  most 
homogeneous.  The  piece  bent  in  the  same  manner  as  those  described 
above,  but  in  addition  to  the  bending,  the  surface  of  the  piece  became 
curiously  distorted,  as  if  small  patches  of  the  surface  were  softer  than 
other  portions,  and  these  resisted  compression  less  than  the  harder  por- 
tions. The  compression  was  proportional  to  the  stress  to  about  30.000 
pounds  per  square  inch.  Bending  was  tirst  observed  at  35,000  pounds, 
after  which  the  further  compressions  were  again  proi>ortional  to  the 
stresses,  the  ratio  of  compression  to  stress  being  greater  than  in  the  first 
part  of  the  test.  The  maximum  resistance  was  reached  at  89,000  pounds 
per  square  inch,  after  which  the  resistance  decreased,  by  reason  of  the 
bending,  to  32,000  pounds,  when  the  piece  slipped  out  from  between 
the  pressure-plates.  The  diameter  was  increased  to  0.70  and  0.73  inch 
as  measured  in  different  portions  of  the  length. 

No.  7  (80.99  copper,  18.92  tin). — The  compression  remained  nearly 
proportional  to  the  stress  up  to  about  60,000  pounds  per  square  inch. 
A  very  slight  bending  was  observed  at  about  67,000  pounds,  the  piece 
taking  a  double  curve  in  one  plane.    The  maximum  resistance  was 
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reached  at  103,500  iK>ands  per  square  inch,  after  which  it  decreased  to 
91,000  fiounds.  A  crack  then  appeared  on  each  of  the  two  convex  sar- 
faces  of  the  doable  curve,  and  the  piece  slipped  out  from  between  the 
pressure-plates,  at  the  same  titne  crushing  off  small  pieces  of  the  metal 
at  the  edges  of  the  upper  and  lower  surfaces,  which  last  touched  the 
pressure-plates.    The  diameter  was  increased  to  0.d7  inch. 

No.  8  (76  60  copper,  23.23  tin). — ^The  compression  was  proportional  ro 
the  stress  to  about  91,000  x)ounds  per  square  inch,  after  which  the  ratio 
of  the  former  to  the  latter  slightly  increased.  A  very  slight  bend  was 
observed  at  107,000  pounds.  The  maximum  pressure  was  reached  at 
114,000  pounds,  when  the  piece  suddenly  broke  diagonally  across  the 
middle,  after  a  total  compression  of  9.05  per  cent.  In  breaking,  the 
diagonal  surfaces  slipped  on  one  another  in  8uch  a  manner  that  they 
became  polished.    The  diameter  was  uniformly  increased  to  0.04  inch. 

No.  9  (69.90  copper,  29.85  tin). — ^This  piece  proved  to  be  the  strongest 
of  the  series,  a  stress  of  146,676  pounds  per  square  inch  being  required 
to  produce  rupture.  The  compression  remained  nearly  proportional  to 
the  stress  throughout  the  whole  test.  There  was  no  appearance  of 
bending,  and  the  ftractnre  took  place  without  any  warning  whatever. 
The  piece  suddenly  broke  into  an  immense  number  of  small  pieces,  the 
largest  of  which  was  not  larger  than  a  i)ea.  A  report  like  a  pistol-shot 
was  made  as  the  piece  broke.  The  record  of  the  test  shows  a  calculated 
compression  of  3.50  per  cent.  From  the  nature  ot  the  material  it  seems 
possible  that  this  figure  may  be  too  high. 

No.  11  (65.31  copper,  34.47  tin). — The  compressions  were  nearly  pro- 
portional to  the  stresses  throughout  the  test.  The  piece  broke  sud- 
denly at  84,747  pounds  per  square  inch,  the  upper  portion  of  the  piece 
flying  into  fragments. 

No.  12  (61.83  copper,  37.74  tin). — This  piece  broke  nearly  in  the  same 
manner  as  No.  11,  but  sustained  less  than  one-half  the  amount  ot  stress — 
39,000  pounds. 

Nos.  10, 13,  and  14  were  not  tested,  as  they  broke  in  the  lathe  while 
being  turned. 

No.  15  (47.72  copper,  51.99  tin). — This  piece  gave  the  same  result  as 
No.  11,  breaking  at  84,747  pounds  per  square  inch.  It  broke  suddenly 
into  several  large  fragments. 

No.  16  (44.62  copper,  55.15  tin). — This  piece  sustained  a  stress  of  only 
35,854  pounds  per  square  inch.  The  fracture  took  place  suddenly,  and 
it  appeareil  as  if  in  the  upper  end  of  the  specimen  a  cone-shaped  wedge 
was  Ibrmed,  which  split  open  the  metal  on  all  sides,  and  produced  a  ver- 
tical crack  through  the  center  of  the  piece,  reaching  to  the  bottom. 

No.  17  (38.83  copper,  60.79  tin). — ^Two  pieces  were  tested  from  this 
bar,  which  gave  similar  results,  breaking  at  39,000  pounds  per  square 
inch.    The  fractures  were  of  the  same  character  as  that  of  No.  16. 

No.  18  (38.37  copper,  61.32  tin). — This  specimen  proved  to  be  much 
weaker  than  any  previously  tested,  breaking  at  29,000  pounds  per 
square  inch.  It  broke  by  wedge-shaped  fragments  flying  ott*  the  upper 
end.  The  compression  was  pi-oportional  to  the  stress  up  to  the  break- 
ing point. 

No.  19  (34.22  cjopper,  65.80  tin). — This  piece  was  even  weaker  than 
No.  18.  It  reached  a  maximutn  resistance  at  19,500  pounds  i)er  square 
inch  after  a  compression  of  1.20  per  cent.,  the  compression  being  propor- 
tional to  the  stress  at  this  point.  The  resistance  to  stress  then  de- 
creased rapidly,  the  piece  bulging  out  on  all  sides  about  a  diagonal 
plane  of  fracture  near  the  middle.  Several  cracks  soon  api>eared  around 
the  point  of  bulging,  and  the  resistance  decrea^d  to  8,800  pounds  i)er 
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SQtiare  inch,  vhen  the  piece  vaa  removed,  l^e  total  comprsBsiou  was 
5.f>5  per  cent.  The  diameters  of  the  ends  of  the  specimens,  which  wer6 
apparently  not  afi'ected  by  the  bulging  in  the  middle  of  the  piece,  had 
increased  to  0.630  inch. 

No.  20  (2j.12  copper,  74.S1  tin). — This  piece  reached  a  maximnm  re- 
sistauvu  at  17,900  poundH  per  square  inch,  the  compression  being  nearly 
proportional  to  the  stress,  after  which  it  rapidly  decreased  to  2,900 
poniids.    Duriujr  ihia  decrease  a  remarkable  phenomenon  was  observed. 
A  diaponai  craek  apiieared  at  the  top  of  the  specimen,  reaeliingfrom  one 
edge  of  the  upper  surface  to  a  point  on  the  cylindrical  surl'ace  opposite 
to  tLis  edge,  and  about  $  inch  from  the  top.    The  wedge-shaped  piece 
thus  fractured  from  the  specimen  was  gradually  forced  along  the  line 
of  fraeture  till  it  was  nearly  pushed  ofif  on  one  side,  but  still  remained 
attiicbed,  as  if  by  "cold  weldiny."     When  this  partly  separated  piece 
first  started  oSf  from  the  remainder  of  the  specimen,  the  larger  part  of 
the  stress  appeared  to  be  i-eaisted  by  only  a  small  portion  of  the  upper 
surface,  and  the  resistance  consequently  decreased  to  2,900  ponnds  per 
square  inch.    This  portion  of  the  upper  snr&ce  was  then  gradually 
flattened,  and  so  apparently  better  fitted  to  resist  a  further  amount  of 
compresKion.    As  the  compression  increased  from  6.80  to  25.60  per  cent, 
the  resistance  again  increased  from  2,900  to  10,267  pounds.    By  this 
time  a  second  hut  much  smaller  wedge  hatl  been  forced  off  on  the  aide 
opposite  the  larger  one,  and  the  action  above  described  was  repeated. 
A  large  number  of  still  smaller  wedge-shaped  pieces  were  then  partially 
detaebed  and  surrounded  the  whole  of  the  upper  end     ■ 
of  the  specimen.    After  reaching  thesecoadniaximnm,     I 
10,267  pounds,  the  resistance  began  to  decrease  again,     f 
but  the  specimen  was  removed  after  a  compression  of 
28.05  per  cent,  with  the  first  wedge-shaped  piece  still 
attacheil  to  its  u|)i>er  end.    The  diameter  of  the  tower 
portion  of  the  specimen  had  increased  only  to  0.629 
inch  when  it  was  removed.    Fig.  11  shows  the  appear- 
ance of  this  8i>ecimen  after  its  removal.  l-'ig.  n. 

No.  22  (20.21  copper,  79.62  tin). — The  compression  continued  nearly 
proportional  to  the  stress  to  about  12,000  pounds  per  square  inch.  At 
about  16,000  pounds  a  bend  in  the  specimen  was  observed,  and  at  the 
same  time  the  resistance  to  stress  decreased,  as  further  compression 
took  place,  to  7,000  pounds.  The  resistanee  afterward  increased  to 
10,400  pounds  per  square  inch,  by  reason,  probably,  of  the  piece  taking 
a  more  favorable  position  to  resist  bending,  and  then  it  again  decreased 
to  1,300  pounds,  when  the  piece  had  bent  so  much  that  it  slipped  out 
from  between  the  pressure-plates.  The  bend  took  the  shape  of  a  double 
curve  in  one  plane,  and  a  crack  iippeared  on  each  of  the  two  convex  sur- 
faces of  the  curve  in  like  manner  as  in  So.  7.  The  diameter  of  the 
piece  was  increased  to  0.65  inch. 

No.  23  (iri.l2  copper,  84.58  tin). — This  piece  behaved  in  a  manner 
somewhat  similar  to  No.  20.  The  compression  continued  nearly  propor- 
tional to  the  stress  till  6,500  pounds  was  readied.  The  resist^ce  then 
decreased  to  4,563  pounds.  At  the  same  time  a  slight  bulging  took 
place  about  half  an  inch  from  the  bottom.  The  bulging  increased,  and 
the  upper  portion  of  the  piece  apparently  crushed  out  the  lower  portion, 
which  latter  still  remained  attached  to  the  specimen,  as  did  the  wedge- 
shaped  pieces  in  No.  20.  As  the  compression  proceeded  the  portion  of 
the  piece  above  the  bulging  appeared  to  obtain  a  better  bearing,  and 
after  the  resistance  had  decreased  firom  6,519  to  4,.563  pounds,  it  again 
increased  gradually  to  9,452  pounds,  the  piece  being  then  compressed 
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more  than  one  half  of  its  original  length.  The  shortening  of  the  piece 
took  place  almost  entirdy  by  crushing  out  portions  at  the  lower  end, 
and  these  portions  remaine<l  attached  to  the  piece,  by  what  has  been 
termed  a  sort  of  '*  cold- welding,"  till  they  were  separate  by  other  pieces 
crowding  them  off.  The  diameter  of  the  upper  end  of  the  specimen  was 
increased  only  to  0.645  inch  (original  diameter  0.625  inch). 

Xo.  24  (11.48  copper,  88.30  tin). — ^This  piece  attained  a  resistance  of 
10,104  pounds  per  square  inch  with  a  compression  of  6.94  per  cent., 
when  a  slight  double  curve  was  observed  and  the  resistance  decreased 
very  slightly.  As  the  compression  was  continued,  the  diameter  of  the 
piece  gradually  increased  throughout  the  whole  length,  and  the  resist- 
ance increased  to  14,000  pounds  x>er  square  inch,  when  the  piece  had 
been  compressed  more  than  one-half  of  its  original  length.  There  were 
no  signs  of  any  fracture,  and  the  piece  merely  flattened  out,  offering 
continually  greater  resistance.  The  compression  could  probably  have 
been  continued  till  the  piece  flattened  out  to  a  thin  sheet,  if  the  limits 
of  the  machine  had  allowed.  When  removed,  the  piece  was  somewhat 
irregular  in  shape,  the  diameters  var3ning  from  0.85  to  0.88  inch. 

ISTo.  26  (8.67  copper,  91.39  tin), — A  pressure  of  65.9  pounds  per  square 
inch  compressed  the  specimen  0.1117  inch.  The  load  was  increased  to 
9,778  pounds  per  square  inch,  the  effect  of  which  was  to  crack  the  speci- 
men at  top  and  bottom,  forming  wedge-shaped  pieces,  which,  however, 
did  not  become  separated  from  the  mass.  The  height  of  the  specimen 
when  removed  from  the  machine  was  1.06  inches.  The  section  was  very 
irregular,  somewhat  elliptical  in  form,  and  varying  in  diameter  from 
0.84  to  0.96  inch. 

No.  26  (3.72  copper,  96.31  tin)  yielded  gradually  to  the  applied  stress. 
At  a  pressure  of  6,519  pounds  per  square  inch  the  compression  was 
0.6845  inch ;  the  pressure  was  increased  to  9,778  pounds  per  square 
inch  and  the  piece  was  then  removed.  Its  height  had  been  diminished 
to  1.01  inches.  Its  diameter  varied  from  0.84  to  0.89  inch.  The  shape 
of  the  sx>ecimen  when  removed  from  the  machine  was  oval.  The  wrinkled 
appearance  of  the  sides  extending  throughout  the  height  of  the  test- 
piece  was  an  evidence  of  the  homogeneousness  of  the  alloy.  The  piece 
was  considerably  bent ;  the  directions  of  the  markings  or  lines  showed 
a  tendency  to  a  wedge-shaped  separation  at  the  top  and  bottom.  The 
ductility  of  the  piece,  however,  was  too  great  to  permit  fracture  even 
under  such  an  amount  of  compression. 

No.  27  (0.74  copper,  99.02  tin)  offered  a  somewhat  le,ss  resistance  to 
compression  than  No.  26.  A  pressure  of  6,519  pounds  per  square  inch 
compressed  the  piece  0.7264  inch.  The  pressure  was  increasexl  to  9,778 
pounds  per  square  inch,  and  the  piece  then  removed.  Its*  height  was 
reduced  to  0.95  inch,  and  its  secti<'U,  which  was  elliptical  though  irreg- 
ular, varied  from  0.84  to  0.95  inch.  The  appearance  of  the  piece  was 
dissimilar  to  both  Nos.  26  and  28,  the  sides  being  quite  smooth  instead 
of  being  wrinkled  all  over  its  suriace,  as  was  the  case  with  the  other  two. 

No.  1'8  (0.32  copper,  99.46  tin) resembled  No.  26  very  closely  in  behavior 
and  appBarance.  The  surface,  was  more  uniformly  wrinkled,  showing 
greater  uniformity  of  resistance  to  the  applied  stress.  No  crack  ap- 
peared. The  compression  under  a  pressure  of  6,519  pounds  per  square 
inch  was  0.752  inch.  Under  a  pressure  of  9,778  pounds  per  square  inch 
the  height  of  the  piece  was  reduced  to  0.98  inch.  Its  section  was  slightly 
oval,  with  diameters  averaging  from  0.87  to  0.89  inch. 

No.  29  (all  tin)  behaved  in  all  respects  like  No.  24,  showing  a  grad- 
ually increasing  resistance  until  the  piece  was  removed  with  a  compres- 
sion of  nearly  one-half  its  original  length.    The  maximum  resistance, 
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however,  was  much  less  than  that  of  No.  24,  being  only  7,497  pounds 
per  square  inch.  The  diameters  of  the  piece  after  removal  varied  from 
0.85  to  0.89  inch,  and  had  a  nearly  elliptical  section. 

No.  30  (all  copper). — ^The  compression  continued  nearly  proportional 
to  the  stress  up  to  about  25,000  pounds  per  square  inch.  A  very  slight 
bend  in  a  double  curve  was  then  observed.  The  resistance  increased  to 
71,709  pounds  per  square  inch  at  a  compression  of  32.1  per  cent.,  when 
the  piece  was  removed,  its  diameters  having  increased  to  0.75  and  0.78 
inch  as  measured  in  various  parts  of  its  length.  The  bend  in  the  piece 
was  but  slight,  and  it  would  apparently  have  offered  increased  resistance 
to  further  compression  indefinitely. 

SECOND  SERIES. 


ALLOYS  OF  COPPER  AND  TIN. 

The  second  series  of  copper  and  tin  alloys  consisted  of  twenty  bars 
cast  in  the  same  manner  as  those  of  tbe  preceding  series.  The  mixtures 
were  made  without  reference  to  the  cbemical  equivalents  or  the  atomic 
weights  of  the  metals,  but  were  weighed  in  even  percentages,  there 
being  a  constant  difference  of  5  per  cent,  between  any  two  adjoining 
bars  in  the  series.  The  first  bar  contained  in  the  original  mixture  97.5 
per  cent,  copper  and  2.5  per  cent,  tin ;  the  second,  92.5  copper  and  7.5 
tin,  and  so  on  to  the  twentieth  bar,  which  contained  2.5  per  cent,  cop- 
per and  97.5  per  cent.  tin.  The  bars  were  numbered  in  regular  order 
Irom  No.  31  to  No.  50. 

Tbe  following  table  shows  the  percentage  composition  of  the  original 
mixture  of  each  bar,  its  mean  composition  a^  subsequently  determined 
by  analysis  of  turnings  from  different  portions  of  the  bar,  and  its  mean 
specific  gravity: 

Table  VI.— Second  Series— Alloys  of  Copper  and  Tin. 
Composition  by  Original  Mixture  and  Analysis, 


Knmber. 


31. 
82. 
33. 
34. 
35. 
•  36* 
37. 
38. 
89. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
43. 
49. 
50. 


Composition  of  original 

Mean  composition  by 
analysis. 

mixture. 

Copper. 

Tin. 

Copper. 

Tin. 

97.5 

2.5 

99.09 

0.87 

92.5 

7.5 

94.10 

6.43 

87.5 

12.5 

88.40 

1L59 

82.5 

17.5 

82.72 

17.33 

77.5 

22.5 

77.58 

22.25 

72.6 

27.5 

72.89 

26.85 

67.5 

82.5 

67.87 

32.09 

62.5 

87.5 

62.42 

37.48 

57.5 

42.5 

57.87 

42.05 

52.5 

47.5 

63.46 

46.54 

47.5 

62.5 

47.27 

62.72 

42.5 

67.5 

43.99 

55.91 

37.5 

62.5 

37.10 

62.90 

82.6 

67.5 

30.76 

69.19 

27.5 

72.5 

26  62 

73. 18 

22.5 

77.5 

22.10 

77.58 

17.5 

82.5 

ia70 

83.23 

12.5 

87.5 

11.68 

88.25 

7.5 

92.5 

6.05 

93.77 

2.5 

97.5 

2.11 

97.68 

Mean 
speciflo 
gravity. 


a684 
&647 
&792 
a  917 
&925 
8.907 
8  956 
a  781 
a643 
a  445 
a  437 

a  101 

7.391 
7.915 
7.774 
7.600 
7.542 
7.419 
7.842 


*  Second  casting ;  first  broke  in  emery  planer. 

The  mixtures  for  these  alloys  were  carefully  weighed  on  the  balance 
nsed  in  weighing  out  the  first  series,  and  the  melting  and  casting  were 
conducted  in  the  same  manner.    The  cast-iron  mold  was  used  for  all 
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the  barSy  placed  in  a  vertical  iioaition,  and  was  heated  to  prevent  sudden 
chilling  of  the  molten  metal  while  being  x>oured.  The  mold  was  heated 
to  nearly  red  heat  in  casting  the  alloys  containing  the  larger  percentages 
of  copper,  and  the  temperature  was  diminished  as  the  percentage  of  tin 
increased. 

Much  less  difficulty  was  experienced  in  getting  good  castings  at  the 
first  melting  than  in  the  first  series.  Bars  No.  32  (94.10  copper,  5.43  tio) 
and  No.  37  (67.87  copper,  32.09  tin)  only  requiring  to  be  melted  three 
times,  and  all  the  others  only  once.  Bars  No.  38  (62.42  copper,  37.48  tin) 
to  No.  42  (43.99  copper,  55.91  tin)  inclusive,  however,  broke  either  in  the 
mold  while  cooling,  or  on  being  taken  from  it,  or  in  subsequent  hand- 
ling. In  these  cases  tests  were  made  of  the  broken  pieces  without  re- 
melting.  The  difficulty  with  No.  32  and  No.  37  appeared  to  be  caused 
by  pouring  the  metal  in  the  first  meltings  at  too  low  a  temperature. 

In  casting  bars  No.  37  (67.87  copper,  32.09  tin)  and  No.  39  (57.87  cop- 
"per.  42.05  tin)  a  curious  phenomenon  was  observed.  After  filling  the 
mold  with  the  molten  metal  a  small  amount  was  still  left  in  the  bottom 
of  the  crucible.  This  was  poured  out  on  the  brick  floor  of  the  foundry 
and  left  to  cooL  While  cooling,  the  surface  of  the  metal  became  cov- 
ered with  an  aggregation  of  grayish -colored  needle  like  crystals,  which 
appeared  to  ffrow  out  of  the  metal  and  cover  it  in  some  places  nearly  to 
the  depth  of  one- fourth  of  an  inch.  The  crystals  were  removed  from  the 
metal  and  handed  to  Prof.  A.  R.  Leeds,  of  the  Stevens  Institute  of  Tech- 
nology, for  examination,  who  made  a  report  in  which  he  calls  the  sub- 
stance an  artificial  mineral.    He  says  concerning  it: 

The  orystalB  are  needles,  not  exceeding  ^  inch  in  length  and  7^7  inch  in  thickness. 
Luster  adamantine  and  of  great  brilliancy.  Color,  white  and  transparent.  It 
scratched  ff lass,  its  hardness  being  over  6.  The  specific  gravity  at  62^  Fahr.,  by  the 
bottle,  is  6.019.  It  will  be  noted  that  this  is  lower  than  the  specific  gravity  of  nat- 
ural cassiterites  which  is  from  6.4  to  7.1.  It  glows  brilliantly  in  the  oxidizing  flame, 
but  gives  no  evidence  of  fusion  at  the  terminations  of  the  crystal.  It  tinges  the  flame 
green.  With  soda  it  gives  a  white  coating  of  oxide  of  tin.  Crystals  apparently  not 
afiected  by  several  hours'  digestion  in  hydrochloric  and  nitric  acids. 

In  chemical  constitntion  it  is  a  stannic  oxide,  containing  a  smaU  amount  of  oxide  of 
copper.  The  mineral  is  therefore  an  artificial  variety  of  crystallised  stannic  oxide  or 
cassiterite. 

As  the  temperature  of  the  metal  while  being  ponred  is  supposed  to 
have  some  influence  upon  its  properties,  an  attempt  was  made  to  obtain 
the  temperatures  of  casting  with  this  series  of  alloys  by  pouring  a  small 
portion  of  the  molten  metal,  just  before  |>ouring  the  remainder  into  the 
mold,  into  a  certain  weight  of  water  contained  in  a  wooden  vessel  and 
noting  the  increase  of  temperature  of  the  water  caused  by  the  hot  mets^, 
and  also  the  weight  of  the  metal  poured.  This  method  is  the  same  as 
that  employed  by  Messrs.  Levi  and  Kuuzel  in  their  experiments  on  phos- 
phor-bronze.* 

The  data  obtained  are  the  weight  of  the  water  used^  its  temperatures 
before  and  after  pouring  the  metal  into  it,  and  the  weight  of  the  metaL 
The  relative  temi>erature  is  then  found  from  the  formula 

in  which  P*  is  the  weight  of  the  water,  P,  the  weight  of  metal  poured, 
t  the  temperature  of  the  water  before  and  t^  the  temperature  after  iK>nr- 
ing,  and  e  the  specific  heat  of  the  alloy. 
The  specific  heat  of  the  alloy  is  assumed  to  be  the  mean  of  the  specific 

*Compte9  Bendus,  VoL  73,  1671,  pp.  530-534. 
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heats  of  the  component  metals,  and  for  these  the  flgores  of  Begnaolt 
are  ased,  viz,  copper  0.09515,  tin  0.05623. 

This  formula  will  not  give  the  actaal  temx>eratare  of  casting,  since  it 
neglects  the  fact  that  the  si>eciflc  heat  of  a  melted  metal  may  not  be  the 
same  as  that  of  the  solid  metal,  and  since  also  it  neglects  the  latent  heat 
of  fosion  of  the  melted  metal,  the  amount  of  which  is,  as  yet,  unknown. 
The  results,^  however,  will  approximately  and  relatively  represent  the 
temperatures,  and  as  the  data  are  all  given  below,  the  actual  tempera- 
tures maybe  calculated  whenever  the  specific  heats  of  the  molten  alloys 
and  their  latent  heats  of  fusion  shall  have  been  determined.  The 
amount  of  heat  transferred  to  the  wooden  vessel  which  contained  the 
water,  was  not  determined,  but  the  loss  is  probably  so  slight  that  it  may 
be  neglected  without  material  influence  upon  the  result.  The  following 
table  gives  the  data  which  were  obtained  in  these  experiments,  and  the 
temperatures  calculated  from  them : 

Table  VII.— Second  series—Allots  of  Copper  and  Tin. 

EsUnuUed  temperaturei  of  Casting, 


Calonlftted  reiMidr^ 
temi»eratiire. 


ITiunber. 


81.. 
82.. 
33  . 
34.. 
85.. 
96.. 
37.. 
38.. 
89.. 
iO.. 
41.. 
42.. 
43.. 
44.. 
45.. 
46.. 
47  . 
48.. 
49.. 
50  . 


Composition  by 

^ 

1 

origixukl  mixtures. 

■S 

^ 

M 

• 

-*» 

4* 

9 

Si 

M 

hfi 

o 

1^ 

f 

1 

OrttfUm 

Oram. 

07.6 

2.6 

007 

74 

02.5 

7.6 

007 

101 

87.5 

12.5 

007 

140 

82.5 

17.6 

007 

862 

77.5 

22.5 

007 

225 

72.5 

27.5 

007 

167 

67.5 

82.6 

007 

07 

62.2 

37.5 

007 

177 

57.5 

42.6 

007 

120 

52.5 

47.6 

007 

214 

47.5 

52  2 

007 

216 

42.5 

67.6 

007 

828 

87.6 

62.6 

007 

203 

32.5 

67.4 

007 

255 

27.5 

ri.6 

007 

85 

22.5 

77.5 

007 

277 

17.5 

82.5 

007 

241 

12.6 

87.5 

007 

104 

7.5 

92.5 

007 

240 

2.6 

7.6 

007 

168 

Temperatures  of  water, 

1 

oentignule  scale. 

r 

^ 

& 

1 

1 

1 

j 

8.3 

22.8 

14.5 

0.094177 

12.8 

81.7 

lae 

0.092231 

16.7 

42.8 

2&1 

0.000285 

0.4 

60.0 

50.6 

0.088380 

15.0 

47.3 

82.3 

0.086303 

11.7 

83.3 

31.6 

0.084447 

11.1 

26.1 

15.0 

0. 082601 

10.0 

81.7 

2L1 

0.060555 

17.2 

32.8 

15.6 

0.078600 

as 

35.0 

26  7 

0.076063 

12.2 

60.6 

88.3 

0. 074717 

0.5 

47.2 

37.8 

0.072771 

13.9 

88.0 

25.0 

a  070825 

8.9 

82.2 

23.3 

0.068870 

7.8 

18  3 

10.5 

0.066083 

12.2 

38.0 

267 

0.0640K7 

1.1.5 

87.2 

21.7 

0.063041 

14.4 

22.7 

83 

0.061006 

18.0 

33.3 

14.4 

0. 060149 

20.5 

27.2 

6.7 

0. 067203 

1900.0 

1871. 0 
1802.6 
1495.1 
1554.5 
1511.8 
ir26  2 
1373.0 

UiS.  0 

1511. 1 
2205. 0 
1063.8 
1131.7 
1756.0 
1701. 0 
1382.'7 
1331.1 
1211.0 

056.5 
725.3 


4i 

I 


8460.8 
8401.4 
3276.6 
'2728.9 
2820.2 
2751.8 
314a  8 
2608.4 
2602.4 
2761.8 
4001.0 
19454 
2067.8 
8192.8 
8093.8 
2519.6 
2427.8 
221L8 
1752.8 
1337.0 


The  temperatures  of  casting  of  bars  No.  32  and  Ko.  37  given  above, 
are  those  of  the  third  casting,  those  of  the  first  and  second  meltings 
being  of  no  value,  as  the  third  casting  only  was  used  in  the  tests. 

In  the  first  casting  of  bar  No.  32  (94.10  copper,  5.43  tin),  while  pour- 
ing of  the  metal  into  the  water  for  the  temperature  test,  an  explosion 
took  place  which  broke  the  wooden  vessel  which  held  the  water,  and 
threw  water  and  metal  about  with  great  violence.  It  appears  probable 
that  the  metal  was  heated  to  an  unusually  high  temperature,  as  in  pour- 
ing other  metals  when  at  a  dazzling  white  heat  explosions  sometimes 
took  place,  but  they  were  usually  not  violent  enough  to  do  more  than 
make  a  slight  report  as  the  hot  metal  touched  the  water. 

After  the  bars  were  cast  they  were  finished  to  a  rectangular  section  by 
grinding  on  an  emery-wheel  planing-machine.  The  brittle  alloys  gave 
a  great  deal  of  trouble  by  breaking  at  the  ends,  and  some  of  them  in 
tiie  middle,  while  being  ground. 
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Bar  No.  37  (68.87  copper,  32.00  tin)  showed  a  most  remarkable  degree 
ot'brittleness.  When  cast  it  appeared  perfectly  sound,  and  was  taken 
out  of  the  mold  and  laid  upon  the  table  while  still  hot.  While  cooling,  a 
chip  of  about  half  an  inch  long  flew  off  from  each  of  two  of  the  bottom 
comers  of  the  bars.  The  fracture  had  a  curved  surface,  and  left  the 
bottom  corners  rounded.  The  next  day  an  attempt  was  m^ade  to  grind 
the  top  of  the  bar  on  an  emery  wheel.  Chips  of  similar  'curved  form 
instantly  flew  off  from  the  corners,  and  on  continuing  to  press  the  end 
of  the  bar  against  the  side  of  the  wheel,  resting  it  at  the  same  time  on 
a  table  which  almost  touched  the  wheel,  chips  continued  to  fly  finom  the 
bar,  always  breaking  with  a  curved  or  conchoidal  fracture.  Finally 
several  chips  flew  off  at  once,  and  left  the  end  of  the  bar  with  a  rounded 
point,  biilliant  and  smooth,  as  if  the  metal  had  been  melted  off.  It  was 
then  attempted  to  grind  the  lower  end  on  a  grindstone,  but  the  attempt 
only  succeeded  after  several  chips  were  broken  off,  although  the  greatest 
care  was  used  in  holding  it  against  the  stone.  The  apx>earanoe  of  this 
bar  was  almost  exactly  similar  to  that  of  No.  10  (68.58  copper,  31.26 
tin)  in  the  first  series,  which  had  nearly  the  same  comiK>sition. 

Bar  No.  38  (62.42  copper,  37.48  tin)  broke  into  three  pieces  while 
being  ground,  and  the  two  fractured  surfaces  showed  that  liquation 
had  taken  place,  which  was  subsequently  confirmed  by  analysis.  The 
upper  fracture,  9  inches  from  the  top  of  the  bar  w^as  smooth,  conchoidal, 
and  brilliant  silver-white  in  color,  like  bar  No.  37  (67.87  copper,  32.00 
tin),  while  the  fracture  at  the  lower  part  of  the  bar,  5  inches  from  the 
bottom,  was  dark  gray,  radiated  and  crystalline,  so  different  from  the 
first  that  it  indicates  an  entirely  different  character  of  metal.  Fractures 
produced  during  the  tests  showed  that  the  change  from  one  appearance 
to  the  other  was  gradual,  and  that  there  was  apparently  a  gradual  in- 
crease in  the  percentage  of  copper  in  the  bar  from  bottom  to  top.  This 
phenomenon  resembles  that  shown  by  bars  No.  14  (51.6i  copper,  48.09 
tin)  and  No.  17  (42.38  copper,  57.30  tin)  of  the  first  series,  both  of  which 
contained  less  copper  than  No.  38. 

No.  39  (57.87  copper,  42.05  tin)  and  No.  40  (53.46  copper,  46.54  tin) 
also  broke  in  handling,  but  did  not  exhibit  anj  appearance  of  liquation. 
The  fractures  of  No.  39  were  all  similar  to  that  of  the  lower  part  of 
No.  38. 

TESTS  BY  TRANSVERSE  STRESS. 

Second  Series, — Alloys  of  Copper  and  Tin. 

The  bars,  after  having  been  prepared  by  grinding,  were  then  tested 
by  transverse  stress. 

Hie  apparatus  used  was  the  t>esting  machine  of  the  Mechanical  Labor- 
atory of  the  Stevens  Institute  of  Technology  mentioned  on  page  291  as 
having  been  used  in  the  tests  of  bar  No.  30.  A  cut  of  this  machine  is 
shown  below. 

The  apparatus  consists  of  a  combination  platform-scale  of  4,000 pounds 
capacity,  having  a  platform  5  feet  in  length  and  3^  feet  in  width,  cariy- 
ing  a  heavy  cast-iron  base-plate,  C,  5  feet  long,  on  which  are  mounted 
two  heavy  standards  or  supports,  D  D,  twelve  inches  high,  which  slide 
along  in  a  groove  in  the  base-})late  G,  and  may  be  clamped  at  any  point. 
These  supports  are  level  on  their  upper  surfaces,  and  carry  two  rollers, 
upon  which  the  bar  to  be  tested  is  supported.  The  pressui-e  is  exerted 
by  means  of  a  hand-wheel,  K,  turning  a  large  square-threaded  screw, 
which  works  in  a  large  nut  support^  by  two  bolts,  F  F,  which  pass 
down  to  and  are  secured  by  large  washers  and  nuts  to  a  heavy  oak  cross- 
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"beaniiG,  onderDeath.  The  stresses  thrown  on  the  bar  by  the  hand-wheel 
and  screw  are  resisted  directly  by  the  platfonn  of  the  scale,  and  are  reg- 
istered OQ  the  scaJe  beam  M,  which  ia  graduated  to  read  to  two  pounds, 
l>ut  is  sensitive  to  less  than  half  a  pound.    To  insure  more  accurate 


Fig.  12.— Fauibankb'  tkansvkhsk  tebtiso-machink. 

balancing,  a  pointer  was  attached  to  the  end  of  the  scale-beam^  Trhieb 
moves  across  a  graduat«d  arc.  The  pointer  was  always  brought  to 
rest  at  the  middle  of  the  arc  in  taking  the  observations.  The  apparatus 
has  worked  very  satisfactorily  and  gives  results  with  much  greater  rapid- 
ity, and  with  equal,  if  not  greater,  correctness  than  the  machines  ased 
in  testing  the  first  series,  in  which  weights  were  required  to  be  lifted  on 
and  off  the  bar  whenever  a  set  was  observed. 

In  testing  ductile  metals  with  this  machine,  it  will  be  noticed  that  re- 
sults are  obtained  very  different  from  those  with  dead  loads  when  the 
bar  is  allowed  to  rest  under  stress  for  any  length  of  time.  In  tbe  test 
by  deati  loads,  when  a  load  is  jtlaced  on  a  bar  and  the  deflection  is 
allowed  to  increase,  tbe  load  continues  to  act  as  long  as  the  test  contin- 
ues. In  the  test  by  the  pressure-screw  and  scale-combination,  the  deflec- 
tion is  maintained  constant  by  tbe  screw,  while  tbe  decrease  of  resist- 
ancing  of  the  bar  is  shown  by  the  dropping  of  the  scale-beam,  and  its  bal- 
ancing by  a  smaller  weight,  moving  the  sLidiug  poise  to  a  lower  figure  on 
the  beam. 

To  test  a  ductile  metal  by  the  pressure-screw  exactly  as  with  dead 
loads,  it  would  be  necessary  to  continue  turning  the  hand- wheel  just  rap-  • 
idlyeuonghtokeep  the  scale-beamcoDstan  tly  balanced,  so  that  the  press- 
ure would  remain  constant  and  the  deiiection  increase  as  in  the  test 
under  dead  loads.  With  very  ductile  metals,  which  show  under  some 
loads  a  decreasing,  and  under  heavier  loads  a  rapidly  increasing,  rate  of 
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increase  of  deflectioD,  tbis  wonid  be  impracticable.  To  observe  tbe  effect 
of  time  io  testa  of  the  dnctile  metals,  tlierefore,  the  deflection  was  meas- 
ared  when  the  scale-beam  balanced  at  a  certain  figure,  and  then,  as  the 
beam  dropped,showingadecrea8eof  resiatanceof  the  bar  to  stress,  the 
poise  was  pushed  back  until  the  beam  balanced  again,  and  the  flgore  on 


Fio.  13. 

the  beam  recorded  and  the  time  noted.    As  the  beam  dropped  again  it 
,  was  again  balanced,  and  so  on  as  long  as  it  was  desired  to  continne  the 
test. 

In  the  appended  tables  of  the  tests  of  tbe  second  series,  tberefbre,  it 
will  be  observed  that  when  "  time  tests"  are  made,  instead  of  noting  the 
increase  of  deflection  with  varions  times  of  leaving  under  stress,  as  in 
the  first  series,  the  decrease  of  resistance  is  not«d,  aa  measored  on  the 
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scale-beam.  The  decrease  of  resistance  to  stress  is  also  frequently  noted 
in  these  tables  by  the  words  '^  beam  sinks,"  when  the  beam  was  observed 
to  drop  while  taking  the  reading  of  the  deflection,  but  when  the  test 
was  at  once  continued  without  stopping  for  "  time  tests."*  The  deflec- 
tions of  the  bars  tested  in  this  apparatus  were  measured  by  an  instru- 
ment (Fig.  13)  designed  for  the  purpose,  which  consists  of  a  micrometer 
screw  and  contact  level,  similar  to  the  instrument  used  by  the  United 
States  Goa-st  Survey  for  comparing  standard  measures  of  length. 

The  screw  has  40  threads  to  the  inch,  and  the  head  is  divided  into  250 
parts,  so  that  a  turn  of  the  screw  through  a  distance  indicated  by  one 
division  on  the  scale  corresponds  to  an  s^vance  of  the  screw  through  its 
nut  of  loVooth  of  an  inch.  The  screw  and  the  nut  in  which  it  works  are 
carri^  by  a  bronze  piece  supported  by  two  pivot  screws.  This  piece  also 
carries  a  very  delicate  astronomical  level.  The  readings  of  the  head  of  the 
screw  are  taken  when  the  bubble  of  the  level  is  exactly  in  the  center  oi 
Its  glass,  and,  when  care  is  taken,  the  readings  are  given  with  accuracy 
to  the  T7^^^  o^'  ^u  ii^<^^-  ^^^  instrument  was  tested  carefully  in  the 
Physical  Laboratory  of  the  Stevens  Institute  of  Technology,  and  the 
pitch  of  the  screw  was  found  to  be  uniform  within  the  limits  of  error  of 
the  reading,  and  the  level  to  have  the  required  delicacy  of  action. 

The  pitch  of  the  screw,  however,  has  an  error  which  is  proportional 
to  its  length,  amounting  to  0.000741  inch  in  each  inch  of  its  length,  the 
inch  indicated  by  the  instrument  being,  accurately,  0.90925  inch. 

Jn  using  this  instrument  to  measure  deflections^  in  tests  by  transverse 
stress,  it  is  mounted  on  an  iron  standard  which  is  bolted  firmly  to  the 
middle  of  the  heavy  base-plate  of  the  machine,  and  placed  in  such  a 
position  that  the  end  of  tne  micrometer  screwrests  on  a  flat  surface  on  the 
upper  side  of  the  piece  which  acts  on  the  middle  of  the  bar  to  be  tested, 
and  through  which  the  pressure  is  applied.  This  piece  is  guided  by  the 
rods  which  sustain  the  nut  in  which  the  large  pressure  screw  rotates, 
in  such  a  manner  that  it  can  only  move  in  a  vertical  direction. 

A  special  test  was  made  of  the  accuracy  of  the  method  of  measuring 
deflections,  and  a  slight  error  was  found  to  arise  from  the  deflection  of 
the  bed-plate  of  the  testing-machine.  This  error  was  found  to  amount 
4o  0.0050  inch  when  the  machine  was  strained  to  its  working  limit,  viz, 
4,000  pounds,  and  it  was  also  found  to  be  proportional  to  the  stress,  or 
0.00000125  inch  for  each  pound  of  stress,  which  error,  if  absolute  accu- 
racy is  desired,  should  be  added  to  the  observed  deflections. 

In  testing  the  softer  metals  an  error  is  introduced  by  the  compression 
of  the  bar  at  the  point  which  is  touched  by  the  pressure-block  and  the 
points  which  rest  on  the  rollers.  The  effect  of  this  compression  can,  in 
some  cases,  be  seen  on  the  bars  after  they  have  been  tested.  This  error 
seemed  to  be  nearly  constant  after  the  application  of  about  a  hundred 
I)Ounds,  the  pressure-block  and  rollers  appearing  to  form  permanent  beds 
for  themselves.  It  may  partially  account  for  the  apparently  greater 
increase  of  deflections  for  equal  increments  of  load  near  the  beginning 
of  the  test  than  elsewhere  near  the  elastic  limit,  and  therefore  for  the 
apparent  irregularity  in  the  moduli  of  elasticity. 

Tables  are  appended  giving  the  records  of  the  test  of  each  bar,  and 
the  following  table  presents  a  condensed  summar3*  of  aU  results : 


See  paper  by  the  writer  "  On  the  Rate  of  Set,''  d^c,  Appendix. 
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NOTES  ON  THE  TESTS   BY  TBANSYEBSE  STBESS. 

Comparing  the  results  given  in  the  above  table  with  those  of  the  trans- 
verse tests  of  the  first  series,  given  in  Table  II,  page  278,  it  will  be  seen 
that  there  is  a  very  close  resemblance,  indicating  that  there  is  a  definite 
law  connecting  the  strength  with  the  composition  of  the  copper  and  tin 
alloys,  and  that  a  regular  curve  can  be  laid  down  expiessing  this  law. 

It  will  be  seen  that  in  the  second  series  the  maximum  strength  was 
shown  by  No.  34  (82.72  copper,  17.33  tin),  while  in  the  first  series  it  was 
exhibited  by  No.  7  (80.95  copper,  18.84  tin),  which  differed  but  little  from 
it  in  composition.  In  both  series  there  is  a  regular  but  rapid  decrease 
of  strength  to  alloys  No.  13  (56.70  copper,  43.17  tin)  of  the  first  series, 
and  No.  40  (53.46  copper,  46.54  tin)  of  the  second  series.  From  these 
compositions  to  the  end  of  eajoh  series  all  of  the  bars  possess  but  little 
strength,  but  there  is  a  slow  and  somewhat  irregular  increase  of  strength 
•  from  No.  18  and  No.  40  to  No.  21  (23.35  copper,  76.29  tin)  in  the  first 
series,  and  No.  46  (21.60  copper,  77.58  tin)  in  the  second  series,  which 
bars  give  what  has  been  called  the  "second  maximum^  points  in  the 
curves  of  each  series.  Their  resistances  then  gradually  decrease  to  the 
end  of  each  series,  the  bars  at  the  end  giving  the  "second  minimum" 
points  in  each  curve.  The  irregularity  in  strength  in  the  latter  part  of 
the  first  series  does  not  occur  in  the  second  series,  since  the  latter  was 
tested  with  more  uniformity  as  to  time  than  the  foriuer. 

The  results  of  these  tests  do  not  seem  to  corroborate  the  theory  given 
by  some  writers,  that  peculiar  properties  are  possessed  by  the  alloys 
which  are  compounded  of  simple  multiples  of  their  atomic  weights  or 
chemical  equivalents,  and  that  these  properties  are  lost  as  the  composi- 
tions vary  more  or  less  from  this  definite  constitution.  It  does  appear 
that  a  certain  percentage  composition  gives  a  maximum  strength  and 
another  certain  percentage  a  minimum,  but  neither  of  these  composi- 
tions is  represented  by  simple  multiples  of  the  atomic  weights. 

Besides,  there  appears  to  be  a  perfectly  regular  law  of  decrease  from 
tibe  maximum  to  minimum  strength  which  does  not  seem  to  have  any 
relation  to  the  atomic  proportions,  but  only  to  the  percentage  composi- 
tion. 

Eeferring  to  the  appended  tables,  giving  the  record  of  the  test  of  each 
bar,  and  the  plate  of  plotted  curves  which  accompanies  them,  the  fol- 
lowing observations  may  be  made  concerning  these  tests : 

Bar  No.  31  (99.09  copper,  0.87  tin). — ^This  bar  proved  upon  test  to  be 
a  bad  casting,  and  apparently  had  a  crack  in  the  middle  which  was  not 
discovered  till  after  360  pounds  pressure  had  been  placed  on  it.  The 
limit  of  elasticity  appeared  to  be  reached  at  about  200  pounds,  and  a  set 
of  0.01  inch  was  observed  at  the  same  point,  both  of  which  indicated  the 
deflective  strength  before  rupture.  The  modulus  of  elasticity  also  was 
much  less  than  those  of  other  bars  of  nearly  the  same  composition. 
After  breaking,  the  fracture  showed  the  metal  to  be  full  of  blow-holes 
and  it  had  a  partially  oxidized  appearance.  As  bar  No,  2  (97.89  copper, 
1.90  tin)  of  the  first  series  was  also  defective,  it  is  indicated  that  faulty 
castings  are  very  likely  to  occur  with  alloys  containing  less  than  3  per 
cent,  of  tin.  It  is  i)ossible,  however,  that  sound  bars  may  be  made  if 
the  metal  is  poured  at  the  proper  heat  and  cooled  at  the  proper  rate. 
As  this  bar  was  defective,  it  is  omitted  from  the  plotted  curves  (Plate  I). 

Bar  No.  32  (94.10  copper,  5.43  tin) — ^This  proved  to  be  a  good  bar, 
and  bent  without  breaking  at  a  load  of  1,080  pounds.  From  the  plotted 
curves  of  stresses  and  deflections  (Plate  XVII)  it  appears  that  the  limit 
of  elasticity  was  reached  at  about  600  pounds. 
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A  set  of  0.0145  inch  took  place  at  400  pounds.  At  440  pounds  the 
scale-beam  was  observed  to  drop  while  taking  the  deflectiouy  immedi- 
ately after  it  had  been  balanced,  showing  a  decrease  of  resistance  to 
constant  deflection,  which  has  been  commented  npon  in  describing  the 
action  of  the  machine  (page  325).  This  also  occorred  at  every  load  be- 
yond 440  poands,  although  it  is  not  noted  in  the  table.  It  is  to  be  un- 
derstood that  in  all  tests  in  which  a  decrease  of  resistance  to  stress  is 
noted,  that  decrease  also  took  place  at  every  load  succeeding  that  at 
which  it  is  first  observed  to  tlie  end  of  the  test. 

A  ^Hime  test"  was  made  at  600  pounds,  showing  a  decrease  of  resist- 
ance in  2  minutes  to  586  pounds,  and  in  1  hour  48  minutes  to  562  pounds. 

Bar  Ko.  33  (88.40  copper,  11.59  tin). — ^This  bar  proved  much  stronger 
than  No.  32,  breaking  at  a  load  of  1,700  pounds,  after  a  deflection  of 
about  4  inches.  A  set  of  0.0112  inch  was  observed  at  600  pounds,  and 
the  limit  of  elasticity  is  taken  at  this  point.  At  720  pounds  the  bar 
showed  a  decrease  of  resistance,  the  scale-beam  slowly  sinking  below 
its  middle  position.  This  bar  differed  but  little  in  composition  from 
!No.  6  (87.15  copper,  12.73  tin)  of  the  first  series,  which  was  found  to 
be  defective  by  reason  of  liquation,  and  it  confirms  the  indication  men- 
tioned under  the  transverse  test  of  No.  6,  that  the  liquation  was  not 
caused  by  the  particular  mixture  or  composition,  but  by  some  peculiarity 
in  casting  or  cooling.  The  fracture  of  this  bar  was  in  color  a  light 
grayish-yellow,  slightly  darker  in  the  center,  and  of  an  earthy  appear- 
ance, entirely  devoid  of  luster ;  a  few  very  small  blowholes  were  seen 
around  the  edges  of  the  fracture.  It  resembled  somewhat  the  more 
homogeneous  fractures  of  bar  No.  5  f90.27  copper,  9.58  tin).  Its  shape 
was  trapezoidal,  a  characteristic  of  all  fractures  by  transverse  stress  of 
metals  [possessing  considerable  ductility.  The  measurement  of  this  irac- 
ture  showed  the  breadth  at  the  top  to  be  1.003  inches  and  at  the  bottom 
0.937  inch.  The  depth  was  0.972  inch.  The  original  section  of  the  bar 
was  rectangular,  breadth  0.973  inch,  and  depth  0.977  inch. 

Bar  No.  34  (82.72  copper,  17.23  tin). — This  bar  was  the  strongest  of 
the  series,  and  also  stronger  than  any  bar  in  the  first  series.  It  broke  at 
1,840  pounds,  after  a  deflection  of  0.6125  inch.  A  set  of  0.0098  inch  was 
observed  at  1,000  pounds,  and  the  limit  of  elasticity  was  reached  at  1,040 
pounds. 

In  breaking,  the  bar  gave  out  a  ringing  sound^  and  the  two  halves 
flew  out  from  under  the  pressure-screw,  and  were  found  on  the  platform 
about  four  feet  apart.  The  fracture  was  of  a  pinkish-gray  color,  very 
fine,  granular,  and  homogeneous,  except  a  spot  in  the  center,  which  ap- 
pear^ to  be  a  mottled  mixture  of  the  pinkish-gray  with  a  dull,  earthy, 
yellowish-gray.  There  were  no  signs  of  a  decrease  of  resistance  through- 
out the  test  during  the  times  necessary  to  take  readings  of  deflections 
(from  30  seconds  to  1  minute  each).  The  fracture  took  place  just  as  the 
last  reading  of  deflection  was  taken,  and  about  30  seconds  after  the 
beam  was  balanced  at  1,840  pounds,  the  beam  remaining  balanced  until 
the  instant  of  rupture.  The  appearance  of  the  fracture  and  the  beha- 
vior under  stress  were  very  similar  to  those  of  bar  No.  7  (80.95  copper, 
18.84  tin),  which  broke  at'  1,750  pounds,  and  was  the  strongest  bar  of 
the  first  series.  It  appears  that  the  maximum  strength  is  associated 
with  a  peculiar  color,  a  reddish  or  pinkish  gray,  which  marks  the 
change  from  the  ductile  alloys  to  the  brittle  ones,  and  occurs  between 
the  percentages  of  tin  which  give  a  silver- white  alloy  in  which  no  trace 
of  copper  could  be  detected  by  the  eye,  and  the  reddish-yellow  to  yel- 
lowish-gray alloys  like  No.  6  (lower  end  of  bar)  and  No.  33. 

The  tests  of  No.  7  and  No.  34  are  not  sufficient  of  themselves  to  de- 
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termiDe  with  accuracy  the  compositioD  which  gives  the  maximam 
Btrength  of  all  the  alloys  of  copper  and  tin:  bnt  from  the  plotted 
carves  of  the  tests  of  both  series  it  appears  evident  that  it  lies  between 
82.5  and  85  x>er  cent,  copper. 

Bar  No.  35  (77.56  copper,  22.25  tin).— This  bar  had  less  than  half  the 
strength  of  No.  34,  breaking  at  840  i)ounds  after  a  deflection  of  0.1606 
inch,  thns  again  exhibiting  the  result  shown  in  the  test  of  the  first  series, 
the  very  rapid  decrease  of  strength  between  80  and  75  per  cent,  of  cop- 
per. In  all  its  qualities  it  closely  resembles  No.  8  (76.63  copper,  23.24 
tin)  of  the  first  series.  The  color  of  the  fracture  was  the  same,  a  very 
slight  pinkish-gray,  with  a  very  fine  granular  structure,  but  showing 
slight  radiated  lines  of  cooling  which  were  not  present  in  the  fractured 
suiface  of  No.  8.  No  set  amounting  to  0.01  inch  could  be  detected 
during  the  test,  and  the  limit  of  elasticity  was  not  reached  before  frac- 
ture ;  the  bar,  therefore,  possessed  all  the  qualities  of  the  brittle  alloys, 
combined  with  a  considerable  degree  of  strength. 

Bar  No.  36  (72.89  copper,  26.85  tin). — This  bar  also  illustrates  the  sud- 
den decrease  of  strength  after  passing  the  tnaximum,  breaking  at  290 
pounds,  after  a  deflection  of  0.0475  inch.  The  limit  of  elasticity  was 
not  reached  before  fracture,  and  no  set  amounting  to  0.01  inch  was  found. 
The  fracture  was  of  a  brilliant  silver-white  color,  with  a  very  faint 
tinge  of  piuk.  It  had  a  curved  shape,  like  those  of  No.  9  (69.84  cop- 
per, 29.88  tin)  and  No.  10  (68.58  copper,  31.26  tin)  in  the  firat  series,  and, 
Uke  them,  showed  a  laminated  or  prismatic  structure.  In  all  respects 
the  bar  resembled  No.  9  and  No.  10,  except  in  the  pinkish  shade  of 
color,  which  was  absent  in  both  of  the  latter.  It  appears,  therefore, 
that  the  change  in  color  from  light  pinkish-gray  to  silver-white  takes 
place  between  the  compositions  containing  76.63  and  72.89  per  cent,  of 
copper,  and  that  the  change  is  gradual  between  these  limits. 

Bar  No.  37  (67.87  copper,  32.09  tin).— This  bar  was  a  little  weaker 
than  No.  35,  breaking  at  270  pounds,  after  a  deflection  of  0.0520  inch. 
Like  all  of  the  brittle  bars,  it  had  no  elastic  limit  before  fracture,  and 
no  set  amounting  to  0.01  inch.  The  fracture  was  precisely  similar  to 
that  of  No.  10  (68.58  copper,  31.26  tin)  of  the  first  series. 

Bar  No.  38  (62.42  copper,  37.48  tin).— The  piece  of  this  bar  which 

was  tested  by  transverse  stress  was  only  9  inches  in  length  between 

supports,  tlie  bar  having  broken  in  the  emery-wheel  planer,  as  already 

mentioned  on  page  324.    This  piece  broke  at  210  pounds,  giving  a 

3  Vl 
modulus  of  rupture,  B  =  ^       ,  of  2907  pounds,  or  less  than  one-third 

that  of  No.  37.  The  deflection  with  200  pounds  stress  was  0.0185  inch. 
This  deflection  appears  to  give  a  very  low  modulus  of  elasticity,  only 
2,000,000  pounds,  or  3,000,000  if  the  modulus  is  taken  between  the 
loads  of  80  and  200  pounds  to  eliminate  the  probably  erroneous  read- 
ings of  deflection  at  the  beginning  of  the  test.    The  formula  by  means 

pi3 

of  which  the  modulus  of  elasticity  is  calculated,  E  =-; — ,-^y  however, 

is  not  exact  for  short  specimens,  as  it  does  not  take  into  account  the 
effect  of  shearing  stress,  as  has  been  observed  on  page  281. 

The  figures  of  moduli  of  elasticity  in  all  the  bars  of  this  series  which 
have  less  than  the  standard  length  of  22  inches  between  supports  are 
therefore  probably  much  too  smaJL  Moreover,  the  effects  of  all  the  er- 
rors in  the  test,  those  of  observation,  those  due  to  compression  of  the 
points  of  the  bar  touched  by  the  supports  and  by  the  pressure-block, 
and  those  due  to  the  unevenness  of  the  bearing,  will  aU  be  increased 
and  will  tend  to  increase  the  apparent  deflection. 
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The  fact  that  liqaation  occurred  in  this  bar  was  noted  on  page  324. 
The  fracture  by  transverse  stretss  also  exhibited  liquation  as  it  differed 
in  api>earance  from  both  of  the  accideutal  fractures.  It  was  of  a  dark 
gray  color  and  stony  structure,  with  no  radiated  lines  of  lamina,  and 
was  not  homogeneous,  parts  being  brilliant  and  parts  dull. 

Bar  Jfo.  39  (57.87  copper,  42.05  tin).— The  length  of  the  bar  when 
tested  was  17  inches.  It  broke  at  142  pounds  after  a  deflection  of  0.021 
inch,  giving  a  modulus  of  rupture  somewhat  higher  than  No.  38.  The 
apparent  modulus  of  elasticity  is  much  higher  than  that  of  No.  38. 
The  fracture  was  of  a  light-gray  color  and  stony  structure,  showing 
some  radiated  lines. 

Bar  No.  40  (53.46  copper,  46.54  tin). — ^This  bar  was  only  9  inches  long 
between  supports,  and  it  proved  to  be  the  weakest  of  the  series,  break- 
ing at  150  pounds  with  a  deflection  of  only  0.008  inch,  giving  a  modu- 
lus of  rupture  of  1,995  i)Ounds.  The  apparent  modulus  of  elasticity  is 
very  low,  as  in  the  cases  of  the  other  short  bars.  The  color  of  the 
fracture  was  light  gray,  and  it  had  a  radiated  lamellar  structure.  It 
was  not  distinguishable  from  the  fracture  of  No.  39.  It  was  also  similar 
in  appearance  to  No.  13  (56.70  copper,  43.17  tin),  which  was  the  weakest 
bar  in  the  first  series. 

Bar  No.  41  (47.27  copper,  52.72  tin).— The  length  of  this  bar  was  15 
inches  between  the  supports.  It  was  much  stronger  than  No.  40,  break- 
ing at  230  pounds  alter  a  deflection  of  0.0186  inch,  giving  a  modulus 
of  rupture  of  5,601  pounds.  From  the  position  of  this  test  in  the  curve 
strengths  of  the  series  it  is  seen  that  it  also  indicates  a  law  of  gradual 
increase  of  strength  from  the  bar  of  minimum  strength,  No.  40,  to  the 
bar  of  "second  maximum"  strength.  No.  46  (21.60  copper,  77.58  tin), 
which  was  also  shown  in  the  test  of  the  first  series.  The  fracture  was 
very  much  like  that  of  No.  40. 

Bar  No.  42  (43.99  copper,  55.91  tin). — ^I'his  bar  was  18  inches  in  length 
between  the  supports.  It  was  a  little  stronger  than  No.  41,  breaking  at 
222  pounds,  giving  a  modulus  of  rupture  of  6,084  pounds  after  a  deflec- 
tion of  0.0357  inch.  The  bar  did  not  break  in  the  middle,  as  is  nearly 
always  the  case  in  transverse  tests,  but  4  inches  from  the  middle,  or  5 
inches  from  the  upper  or  A  end  of  the  bar.  The  longer  piece  (marked 
E-c)  remaining  after  the  test  was  then  also  tested,  being  13  inches  in 
length  between  the  supports.  It  gave  a  result  slightly  higher  than  the 
original  bar,  breaking  at  362  pounds,  giving  a  modulus  of  rupture  of 
6,605  pounds  after  a  deflection  of  0.031  inch.  The  apparent  modulus 
of  elasticity  given  by  this  test  is  only  about  half  of  that  given  by  the 
original  bar,  which  only  serves  to  confirm  the  statement  already  made 
as  to  the  unreliability  of  the  moduli  of  elasticity  derived  from  tests  of 
very  short  bars.  The  fractures  were  similar  in  color  to  those  of  No.  41, 
but  showed  a  compact  stony,  instead  of  a  radiated  and  laminated,  ap- 
pearance. The  accidental  fracture  near  the  bottom  of  the  original  bar, 
however,  did  show  the  radiated  structure,  as  did  also  bar  No.  43. 

The  analyses  of  turnings  from  two  different  parts  of  this  bar  showed 
that  a  large  amount  of  liquation  had  occurred,  the  turnings  from  the 
lower  part  of  the  bar  containing  more  than  22  per  cent,  less  copper 
than  those  from  the  upper.  This  is  sufficient  to  account  for  the  break- 
ing in  a  section  other  than  the  middle,  and  for  the  difference  in  appear- 
ance of  the  fractures. 

Bar  No.  43  (37.10  copper,  62.90  tin).— This  bar  was  of  the  standard 
length,  22  inches,  and  shows  an  increase  of  strength  over  No.  42,  break- 
mg  at  200  pounds,  or  at  a  modulus  of  rupture  of  6,942  pounds  after  a 
deflection  of  0.0799  inch.    A  let  of  0.0202  inch  was  observed  just  before 
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ruptnre  took  place,  thus  showing  more  ductility  than  either  of  the  five 
previous  bars.  From  this  point  to  the  end  of  the  series  the  ductility 
increases.  It  will  be  observed  that  in  this,  and  in  all  of  the  more  duc- 
tile bars  containing  large  percentages  of  tin,  the  moduli  of  elasticity 
appear  to  decrease  from  the  beginning  of  the  test,  while  in  the  brittle 
bars  they  either  remained  nearly  constant  or  showed  a  slight  increase. 
In  the  latter  the  limits  of  elasticity,  or  points  at  which  the  ratio  of 
distortion  to  stress  increases  are  not  reached  before  fracture  occurs. 
In  the  former,  they  occur  very  near  the  beginning  of  the  tests,  but 
its  exact  place  is  difficult  to  determine.  On  the  plate  of  curves  of 
deflections  this  is  plainly  seen,  as  the  curves  of  these  ductile  bars  show 
a  curvature  concave  to  the  axis  of  abscissas  almost  from  the  beginning 
of  the  test.  The  limit  of  elasticity  is  usually  taken  as  the  point  at  which 
the  curve  begins  suddenly  to  become  concave  toward  the  axis,  but  in  the 
ductile  bai*s  in  which  this  point  of  change  is  not  plainly  marked,  it  is 
assumed  to  be  that  point  at  which  the  greatest  change  of  curvature  seems 
to  take  place,  or  a  little  before  the  curve  assumes  a  nearly  horizontal 
direction.  By  inspection  of  the  curve  of  No.  43  its  limit  of  elasticity  is 
determined  to  be  pounds.  When  100  pounds  had  been  placed  on  the 
bar,  a  decrease  of  resistance  to  stress  was  noted,  the  scale-beam  dropping 
while  the  reading  was  being  taken,  as  was  observed  in  the  cases  of  bars 
No.  31  to  No.  34.  This  was  also  observed  in  all  bars  from  No.  43  to  the 
end  of  the  series. 

The  fracture  was  of  a  light-gray  color,  and  showed  very  large  pris- 
matic crystallization  similar  to  that  of  No.  19  (34.22  copper,  65.80  tin)  of 
the  first  series.* 

Bar  No.  44  (30.76  copper,  69.19  tin). — This  bar  also  showed  the  in- 
creasing strength  and  increasing  ductility  of  this  part  of  the  series  as 
the  percentage  of  tin  increases.  It  broke  at  210  pounds  after  a  deflec- 
tion of  0.1122  inch.  A  set  of  0.0325  inch  was  observed  at  200  pounds. 
Prom  the  curves  of  deflections  (Plate  XVII)  the  limit  of  elasticity  ap- 
pears to  have  been  reached  at  100  pounds,  at  which  load  the  bar  first 
exhibited  a  decrease  of  resistance  to  constant  deflection.  The  appearance 
of  the  fracture  was  precisely  like  that  of  No.  43. 

Bar  No.  45  (26.62  copper,  73.18  tin). — This  bar  was  considerably  stronger 
and  more  ductile  than  No.  44,  breaking  at  320  pounds  after  a  deflection 
of  0.2204  inch.  A  set  of  0.0145  inch  was  observed  at  160  pounds,  and 
from  the  curve  the  limit  of  elasticity  appears  to  have  been  reached  at 
160  pounds.  The  decrease  of  resistance  under  constant  deflection  was 
first  found  at  80  pounds,  and  a  "  time  test"  of  this  decrease  was  made 
at  160  pounds.  As  shown  in  the  table,  after  the  beam  had  been  bal- 
anced for  the  second  time  at  160  pounds,  the  resistance  decreased  in  1 
minute  to  154  pounds,  in  3  minutes  to  150  pounds,  in  44  hours  to  104 
pounds,  and  in  69  hours  to  100  pounds,  showing  a  gradually  decreasing 
rate  of  the  decrease.  The  fracture  was  similar  in  color  to  those  of  No. 
43  and  No.  44,  but  the  crystals  were  much  smaller,  and  had  more  of  a 
granular  appeai*ance. 

Bar  No.  4*5  (22.10  copper, 77.58  tin). — This  bar  gave  the  "second  max- 
imum" point  of  strength  in  the  curve  of  the  series,  breaking  at  400 
pounds  after  a  deflection  of  0.4051  inch.  It  closely  resembled  in  all  its 
qualities  the  bar  which  gave  the  "second  maximum"  in  the  first  series, 
No.  21  (33.35  copper,  76.29  tin),  but  did  not  have  a  cavity  throughout  its 
length  such  as  was  seen  in  the  latter.  A  set  of  0.0047  inch  was  observed 
at  100  pounds,  and  one  of  0.0357  inch  at  200  pounds.    The  decrease  of 

*  See  description  of  fracture  of  No.  19  by  Professor  Leeds,  page  290. 
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resistance  with  time  was  first  observed  at  100  pounds;  from  the  cnire 
of  deflections  the  limit  of  elasticity  is  seen  to  be  at  poonds.    The 

fractnre  was  similar  to  that  of  No.  45. 

Bar  No.  47  (16.70  copiHjr,  83.23  tin).— This  bar  proved  to  be  a  little 
weaker  than  No.  46,  thas  confirming  the  law  o(  decrease  of  strength 
from  the  second  maicimum  to  the  end  of  the  series.  It  broke  at  300 
pounds  after  a  deflection  of  0.5332  inch.  A  set  of  0.0092  inch  was 
observed  at  100  pounds,  and  from  the  curve  of  deflections  the  limit  of 
elasticity  was  apparently  reached  at  about  100  pounds.  The  fractured 
surface  was  similar  to  that  of  No.  46. 

The  phenomenon  of  decrease  of  set  tcith  time  was  observed  for  the  first 
time  with  this  bar;  the  table  of  the  record  of  test  gning  the  full  record 
of  all  the  observations  made.  On  relieving  the  bar  of  all  pressure  except 
that  due  its  own  weight,  and  except  a  very  slight  pressure  (a  few  ounces) 
to  insure  that  the  pressure-block  actually  touched  the  bar  and  was  not 
raised  from  it,  the  scale-beam  balanced  at  5  pounds,  and  the  reading  of 
the  set  was  made.  While  reading  the  set  the  scale-beam  was  observed 
to  rise,  indicating  increase  of  resistance  to  deflection,  as  it  had  similarly 
been  observed  to  drop  when  resistance  to  stress  took  place.  A  number 
of  observations  of  this  increase  of  resistance  to  the  permanent  deflection 
were  made,  and  also  of  the  decrease  of  set,  as  measured  by  running  back 
the  pressure-screw  till  the  scale-beam  again  balanced  at  5  pounds,  and 
taking  additional  rea<lings.  The  result  of  these  observations,  which  are 
all  given  in  the  table,  showed  that  in  one  observation  of  39  minutes  the 
resistance  of  the  bar,  as  measured  by  the  scale-beam,  increased  18  pounds, 
and  that  in  2  hours  20  minutes  the  set  decreased  the  amount  of  0.0239 
inch. 

This  fact  of  the  decrease  of  set  with  time  has  since  been  confirmed  by 
a  large  number  of  tests  made  on  the  same  machine,  and  it  has  also  been 
observed  by  other  experimenters.  It  indicates  that  what  has  beenhiUi- 
erto  called  the  <' permanent  set"  of  metals  is  in  reality  not  entirely  per- 
manent, but  is  partially,  at  least,  temporary.* 

Bar  No.  48  (11.68  copper,  88.25  tin).— The  result  of  the  test  of  this  bar 
was  almost  precisely  like  that  of  No.  47,  but  it  showed  considerably 
greater  ductility.  It  broke  at  300  pounds,  after  a  deflection  of  1.0760 
inches.  A  set  of  0.0120  inch  was  observed  at  100  pounds.  The  limit  of 
elasticity  is  taken  at  100  pounds.  The  decrease  of  resistance  to  stress 
was  first  noted  at  80  pounds.  The  phenomenon  of  decrease  of  set  with 
time  was  also  observed  with  this  bar,  a  test  of  20  minutes'  duration 
showing  a  decrease  of  set  of  0.0234  inch.  The  fracture  was  of  a  light* 
gray  color  with  a  rough  granular  structure. 

Bar  No.  49  (6.05  copper,  93.77  tin ). — ^This  bar  was  weaker  and  much  more 
ductile  than  No.  48,  bending  to  a  deflection  of  3.67  inches  without  break- 
ing at  a  load  of  290  pounds.  A  set  of  0.0128  inch  was  observed  at  100 
pounds,  and  the  limit  of  elasticity  seems  to  be  reached  at  about  this  point 
The  decrease  of  resistance  to  stress  was  first  observed  at  80  pounds. 
N^o  tests  were  made  of  the  decrease  of  set  with  time. 

Bar  No.  50  (2.11  copper,  97.68  tin). — ^This  bar  was  still  weaker  than 
No.  49,  bending  to  a  deflection  of  3.93  inches,  without  breaking  at  a  load 
of  250  pounds.  A  set  of  0.0164  inch  was  observed  at  100  pounds,  and 
the  limit  of  elasticity  seems  to  be  reached  at  about  60  pounds.  The 
decrease  of  resistance  with  time  was  first  noticed  at  60  pounds.  At  210 
pounds  the  beam  was  caused  to  balance  twice  after  it  had  dropped,  the 
deflection  at  the  same  time  being  increased  from  0.85  to  1.08  inches. 

*  8ee  paper  by  the  writer,  &c. 
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This  indicated  that  a  much  less  load  than  250  poands  would  have  caused 
he  final  recorded  deflection  of  3.93  inches,  if  sufScient  time  had  been 
given  to  it. 

It  will  be  observed,  on  comparing  the  results  of  the  tests  of  'So.  49  and 
No.  50  with  those  of  bars  of  nearly  similar  composition  in  the  first  series, 
that  the  former  gave  much  higher  results  than  the  latter.  This  is  due 
entirely  to  the  method  of  test,  or  rather  to  the  time  taken  by  the  diflfer- 
ent  methods.  In  the  tests  of  the  ductile  bars  of  the  first  series,  by  dead 
loads,  as  already  staled,  the  load  acted  constantly  to  produce  an  increased 
deflection  while  the  reading  was  being  taken,  and  thus  a  much  less  load 
was  required  to  produce  a  certain  deflection  than  would  have  been  re- 
quired if  the  test  had  been  made  more  rapidly.  In  the  tests  of  the  second 
series  all  the  conditions  of  a  rapid  test  were  fulfilled,  since  the  deflection 
was  not  increased  while  the  reading  was  being  taken,  and  also  since  the 
actual  lime  occupied  by  the  test  was  very  much  less  in  consequence  of 
the  greater  convenience  of  handling  the  apparatus. 

TESTS  BY  TENSILE  STRESS. 

Second  series.    Alloys  of  Cojpper  and  Tin. 

The  bars  of  the  second  series,  after  having  been  tested  by  transverse 
stress,  as  above  described,  were  shaped  by  being  turned  in  a  lathe  into 
pieces  for  test  by  tensile  stress  of  the  same  shape  as  those  of  the  first 
series,  with  the  cylindrical  portion  of  the  test-piece  5  inches  in  length 
and  0.798  inch  in  diameter,  or  i  square  inch  sectional  area.  The  bars, 
which  were  too  brittle  to  be  turned,  were  tested  in  their  original  rectan- 
gular section. 

The  tests  were  made  on  the  testing-machine  (Fig.  6,page292),  described 
under  the  tests  of  the  first  series. 

The  elongations  were  measured  by  means  of  the  contact-level  and 
micrometer-screw  (Fig.  13,  page  326),  which  was  used  in  measuring  the 
deflections  in  the  transverse  tests,  and  which  has  already  been  described. 
In  adapting  it  to  tensile  tests,  the  bronze  piece  containing  the  two  pivot- 
screws  which  support  the  piece  carrying  the  level  and  nut  was  firmly 
clamped  by  a  screw  to  the  rectangular  head  of  the  test-specimen  just 
above  the  cylindrical  portion. 

At  the  bottom  of  the  specimen  was  clamped  a  similar  bronze  piece, 
which  carried  a  small  steel  cylinder,  with  a  flat  upper  surface,  which  the 
end  of  the  micrometer-screw  was  brought  to  touch,  and  upon  which  it 
rested,  being  free  to  move  about  the  pivot-screws  during  the  test  When 
the  test-piece,  with  the  measuring-apparatus  clamped  to  it,  was  placed 
in  the  grips  of  the  testing-machine  it  was  brought  into  a  vertical  posi- 
tion, and  the  micrometer-screw  was  turned  in  its  nut  until  the  bubble  of 
the  level  was  in  its  middle  position.  As  the  test  proceeded  and  the  piece 
elongated,  the  distance  between  the  two  pieces  of  the  measuring-appara- 
tus increased  exactly  to  the  extent  of  the  elongation,  and  the  level 
shifted,  requiring  the  micrometer-screw  to  be  advanced  an  amount  equal 
to  that  of  the  elongation  to  bring  the  bubble  again  to  its  original  posi- 
tion. 

The  apparatus  was  found  to  give  good  results,  except  at  the  beginning 
of  the  test,  when  the  piece  appeared  to  take  a  very  slight  curvature,  the 
effect  of  which  was  at  times  to  cause  the  apparent  elongation  to  be 
greater  or  less  than  the  true  elongation. 

The  curvature  or  bending  of  the  test-specimen  may  be  produced  by 
either  of  several  causes,  or  by  a  combination  of  them  aJl.    These  &<« 
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chiefly  the  exiatence  of  a  bIow-hol«,  or  any  want  of  homoeeneity  in  one 
side  of  the  teBt-specimen,  tbe  fact  of  the  beads  of  the  test-specimen  not 
being  accnrately  symmetrical  with  the  cylindrical  portion,  or  the  side 
strain  broaght  by  the  testing-machine  by  reason  of  the  line  of  sti'ess  not 
being  accurately  in  line  with  the  axis  of  the  test-specimen. 

These  errors  appear  to  exist  only  in  that  part  of  the  test  which  is 
below  the  elatitiu  limit  of  the  specimen,  a»  after  that  point  the  stress 
pnlls  the  piece  into  tbe  line,  which  it  retains  till  the  end  of  the  test. 
The  bending  is  so  slight  usually  that  it  has  not  been  detected,  so  far  as 
the  writer  is  aware,  by  any  other  means  of  measurement  than  the  one 
herein  deJicribed,  which  magnifies  the  extensions  considerably. 

Because  of  these  errors,  the  figures  given  in  the  tables  for  elongii- 
tions  near  the  beginning  of  the  test  before  they  amount  to  0.01  inch  are 
in  mauy  cases  not  reliable.  Where  the  elongations  are  greater  than  this 
amount,  the  figures  are  considered  very  accurate,  with  perhaps  a  slight 
error,  which  is  constant  thronghout  the  test.  For  the  same  reason,  the 
recorded  figures  of  elongations  cannot  be  relied  upon  to  give  <»>Treet 
moduli  of  elasticity  by  tensile  stress,  which  might  have  been  done  if  the 
error  due  to  the  bending  of  the  specimen  had  been  entirely  eliminated. 
"With  the  exception  of  these  errors,  the  measurements  are  believed  to  be 
much  more  nearly  correct  than  those  ofthefirstseries,  which  were  made 
simply  by  me.ins  of  a  pair  of  finely-pointed  dividers  and  readings  on  a 
scale  to  -rJ-u-th  of  an  inch. 

The  results  of  the  tests  by  tensile  stress  of  the  second  series  have 
been  entirely  confirmatory  of  those  of  the  first  series  and  of  the  tests  by- 
transverse  stress  of  both  series. 

The  appended  tables  contain  the  complete  records  of  the  tests  of  each 
bar.    The  following  table  presents  a  condensed  sammary  of  resalts: 

Tabi^  IX.— Second  Sekibs— AixoTa  of  Copper  ajjd  Tin. 
Tatt  ftjr  Tauile  Strem. 
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Tablb  IX.— Skcond  Seuibs— Alloys  of  Copper  and  Tin. 
Tests  by  Tensile  5^cm— Continiiod. 
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NOTES  ON  THE  TESTS  BY  TENSILE  STRESS. 

No.  31. — As  was  shown  by  the  transverse  test  of  this  bar,  it  was  a  de- 
fective easting.  The  tensile  tests  also  gave  very  low  results,  and  they 
are  rejected  from  the  tables  and  from  the  curves  of  average  results  of 
the  series  (Plates  II,  VII,  VIII).  The  turned  surfaces  of  the  test- 
pieces  from  this  bar  revealed  a  liquation  or  separation  of  the  metals 
into  two  alloys,  or  possibly  a  heterogeneous  mixture  of  unalloyed  cop- 
per, with  an  alloy  containing  a  considerable  amount  of  tin.    The  turned 

22  T  M 
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surface  was  in  general  of  a  copper-red  color,  not  at  all  distmguisbable 
from  the  appearance  of  pure  copper;  but  there  were  small  yellow  spots 
irregularly  distributed  over  the  whole  surface.  The  fractures  showed 
ft  similar  appearance,  the  larger  portion  being  of  a  copper  color,  and  the 
remainder  consisting  of  a  few  yellowish-gray  spots.  The  turned  surfaces 
and  the  fractured  surfaces  also  contained  several  small  blow-holes. 

No.  32  (91.40  co[)per,  5.43  tin). — ^The  two  pieces  from  this  bar  gave 
verj'  similar  results,  which  show  a  fair  degree  of  strength  for  metal  of 
its  composition  cast  in  the  ordinary  manner.  The  fractures  were  of  a 
yellowish-red  color,  and  earthy  structure,  and  contained  several  very 
small  blow-holes. 

No.  33  (88.40  copper,  11.A9  tin). — The  two  test-pieces  showed  a  some- 
what  greater  strength  than  those  of  No.  32.  The  fractured  surfaces  were 
of  a  reildish-yellow  color,  and  earthy  structure,  and  contained  several 
very  small  blowholes.  These  were  more  numerous  in  No.  32  A  than  in 
No.  32  B,  which  may  account  for  the  greater  strength  of  the  latter. 

No.  34  (82.72  copper,  17.33  tin). — The  average  of  the  two  tests  of  this 
bar  showed  considerably  greater  strength  than  No.  33,  but  the  piece 
from  the  bottom  of  the  bar  was  much  weaker  than  that  from  the  top, 
and  slightly  weaker  than  the  bottom  piece  of  No.  32.  This  does  not  ap- 
pear to  have  been  due  to  liquation,  as  the  analyses  of  the  turnings  from 
the  two  tension  i)ieces  give  almost  iirecisely  similar  results,  which  differ 
but  little  from  the  original  mixture.  It  may  possibly  have  been  due  to 
a  more  imperfect  mixture  of  the  metals  in  one  portion  of  the  bar  than  in 
another,  causing  a  want  of  homogeneity,  which  is  partly  indicated  by 
the  appearance  of  the  fractured  surfaces.  The  fracture  of  No.  34  A  was 
chiefly  of  a  i)inkish-gray  color,  similar  to  those  of  No.  7  and  No.  8  of  the 
first  series.  The  structure  was  very  finely  granular,  with  an  indistinct 
appearance  of  radiated  lines  of  cooling.  In  the  center  was  a  spot  about 
J  inch  in  diameter,  which  had  a  mottled  mixture  of  the  pinkish-gray  and 
a  yellowish -gray  color.  The  fracture  of  No.  34  B  was  similar  to  that  of 
No.  34  A,  the  larger  part  of  the  surface  being  of  a  pinkish-gray  color 
and  fine  granular  structure,  but  without  any  radiated  lines  of  cooling. 
It  also  contained  a  spot  in  the  center,  which  in  this  case  was  not  mottled, 
but  was  of  one  color,  a  reddish  or  brownish  eray. 

The  average  tensile  strength  of  the  two  jHCces  irom  this  bar  is  higher 
than  that  given  by  any  other  bar  in  this  series,  and  is  also  higher  than 
that  of  any  bar  in  the  first  series,  agreeing  in  this  respect  with  the  re- 
sults of  the  transverse  tests. 

No.  35  (77.50  copper,  22.25  tin). — The  strength  of  this  bar,  a«  shown  by 
the  tensile  tests,  was  much  less  than  that  of  No.  34.  The  fractures  have 
the  same  pinkish-gray  color  that  was  seen  in  No.  34,  but  a  shade  lighter. 
The  structure  shows  an  appearance  of  radiated  lamina^.,  very  close  and 
compact.  It  is  very  similar  to  that  of  No.  9  (69.84  copi>er,  29.89  tin)  of  the 
first  series,  but  the  color  is  entirely  different,  the  latter  being  nearly  a 
silver- white.  The  fractures  of  both  pieces  of  No.  35  were  precisely  alike, 
and  a  very  small  blow-hole  was  found  in  the  center  of  each. 

No.  30  (72.89  copper,  20.85  tin). — The  tensile  tests  of  this  bar  gave  re- 
sults agreeing  precisely  with  those  of  the  transverse  test,  showing  great 
brittleness  and  lack  of  strength.  The  fractures  were  similar  to  that 
obtained  by  transverse  test,  being  nearly  silver  white  in  color,  with  a 
faint  pinkish  tinge,  and  a  smooth  radiated  structure. 

Bars  No.  30  to  No.  42  (43  99  copper,  55.91  tin),  inclusive,  were  all 
tested  with  their  original  rectangular  section  unaltered,  as  they  were 
too  brittle  to  be  turned  in  the  lathe  without  danger  of  breaking.  All 
of  these  bars  gave  much  trouble  in  setting  in  the  tensile-machine,  their 
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brittleness  and  hardness  beinff  so  great  that  the  grips  of  the  machine 
would  not  firmly  hold  them.  Most  of  them  broke  in  the  grips,  and  the 
figures  representing  their  strengths  are  therefore  in  many  cases  perhaps 
too  low.  Several  tests  were  generally  made  of  each  of  the  brittle  pieces, 
and  the  maximum  result  is  considered  to  be  the  one  most  nearly  cor- 
rect. 

No.  37  (67.87  copper,  32.09  tin). — Both  tension  pieces  were  much 
weaker  than  those  of  No.  36.  The  fractures  were  similar,  but  the  color 
was  silver-white,  entirely  free  from  any  pinkish  shade. 

No.  38  (63.42  copper,  37.48  tin).— The  two  test-pieces  from  this  bar 
showed  considerable  difference  in  structure,  due  to  liquation,  which 
lia«  already  been  noticed  on  page  346.  The  fracture  of  No.  38  A  wa« 
exactly  like  those  of  the  two  pieces  of  No.  37,  but  that  of  No.  39  was  of 
a  dark-gray  color  and  stoney  structure,  similar  to  that  of  No.  12  (62.31 
copper,  37.35  tin)  of  the  first  series,  which,  as  before  observed,  had  the 
greatest  density  of  the  series. 

No.  39  (57  87  copper,  42.05  tin). — The  average  results  given  by  the 
two  test-pieces  from  this  bar  show  it  to  be  the  weakest  of  the  series,  and 
agree  in  this  respect  with  the  result  of  the  test  by  transverse  stress. 
The  fracture  of  No,  39  A  had  a  stony  structure,  and  the  color  was  a 
mottled  mixture  of  dark  gray  and  light  gray,  showing  a  separation  into 
two  alloys.  That  of  No.  39  B  was  light  gray  throughout  and  contained 
radiated  laminaB. 

No.  40  (53.46  copper,  46.54  tin). — ^The  pieces  remaining  from  the  test 
by  transverse  stress  were  too  short  to  be  tested  by  tension. 

No.  41  (47.27  copper,  52.72  tin). — ^Three  pieces  were  tested,  giving 
various  results,  but  all  showing  great  weakness  and  brittleness.  The 
fractures  of  all  the  pieces  were  alike  in  appearance,  being  light  gray 
in  color  and  of  stony  structure,  with  indistinctly  defined  radiated  lami- 
nation. 

No.  42  (43.99  copper,  55.91  tin). — The  results  of  the  two  tests  were 
similar  to  those  given  by  No.  41.  The  fractures  were  light  gray  in  color, 
with  radiated  crystalline  structure.  The  analyses  of  chips  from  the  two 
tension  pieces  of  this  bar  showed  a  very  large  amount  of  liquation  to 
have  taken  place  in  the  casting.  This  would  scarcely  have  been  sus- 
pected from  the  appearance  of  the  fractures. 

No.  43  (37.10  copper,  62.90  tin). — This  bar  was  much  softer  than  the 
bars  from  No.  36  to  No.  42,  and  the  tension-pieces  were  turned  in  the 
lathe  without  difficulty.  The  average  of  the  results  shows  a  very  little 
greater  strength  than  that  of  No.  42.  The  fractures  were  of  a  light  gray, 
with  large  radiated  prismatic  crystals. 

No.  44  (30.76  copper,  69.19  tin). — The  two  tests  gave  results  which 
cJiffered  considerably,  but  the  average  is  about  the  same  as  those  of  the 
two  tests  of  No.  43.  The  fractured  surfaces  also  showed  the  same  color 
and  structure. 

No.  45  (20.62  copper,  73.18  tin).— The  results  of  the  two  tests  differed 
similarly  Jis  those  of  No.  44,  but  both  tests  gave  much  higher  results 
than  the  average  of  the  latter,  indicating  an  approach  to  the  point  of 
".second  maximum"  strength  of  the  series.  This  was  also  shown  in  the 
tests  of  this  bar  by  transverse  stress.  The  fractures  were  of  a  light- 
gray  color,  similar  to  those  of  Nos.  42  to  44,  but  were  not  entirely  homo- 
geneous in  structure,  being  coarse  granular  at  the  exterior  portions  of 
the  surface  an<l  laminated  in  the  center. 

The  analyses  do  not  show  any  difference  in  composition  in  the  two 
ends  of  the  bar  sufficient  to  account  for  any  difference  in  strength  or  in 
appearance  of  the  fractures. 
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No.  46  (22.10  copper,  77.58  tin). — The  average  of  the  two  tests  shows 
Btill  greater  strength  than  No.  -45,  but  it  is  not  high  enough  to  confirm 
the  point  of  second  maximum  strength  which  was  shown  by  the  trans- 
verse tests,  as  it  is  surpassed  by  No.  40  and  No.  50.  The  second  maxi- 
mum of  both  transverse  and  torsional  tests  is  given  by  this  bar,  and  bar 
No.  21  (2;i.35'  copi>er,  76.29  tin)  gave  the  second  maximum  in  the  first 
series  by  all  three  methods  of  test.  The  results  of  the  test  of  No.  46  by 
tensile  stress  must  therefore  be  regarded  as  exceptional,  in  so  far  as  they 
give  less  strengths  than  No.  49  and  No.  50.  The  curves  of  the  strengths 
of  the  series  by  the  diflerent  methods  of  test,  moreover,  show  the  tensile 
test  of  No.  49  and  No.  60  to  give  higher  results  than  the  other  methods 
of  test  of  the  same  bar.  Tiiis  may  probably  be  accounted  for  by  the 
greater  rapidity  of  the  tests  of  No.  49  and  No.  50,  which  was  purposely 
made  in  order  to  eliminate  the  effect  of  flow  of  the  metal  with  time.  The 
pieces  of  No.  46  being  of  small  ductility,  the  effect  of  time  waiS  not  so 
perceptible. 

The  fractures  of  No.  46  were  very  similar  to  those  of  No.  45,  showing 
want  of  homogeneity  of  structure,  part  being  granular  and  part  lami- 
nated. This  may  account  for  the  weakness  and  irregularity  of  strength, 
as  in  the  first  series  the  second  maximum  strength  was  associated  with 
a  homogeneous  granular  structure. 

No.  47  (16.70  copper,  83.23  tin). — Only  one  piece  was  tested  from  this 
bar,  No.  47  B,  the  other  having  been  broken  in  handling  before  being 
tested.  It  had  a  less  strength  than  either  of  the  pieces  of  No.  46,  and 
had  a  somewhat  similar  structure,  being  irregularly  lamellar  and  crys- 
talline. 

No.  48  (11.68  copi>er,  88.25  tin). — The  two  pieces  showed  very  little 
greater  strength  than  No.  47  B.  The  fractures  show  the  change  in 
structure  seen  in  those  of  the  first  series  just  before  the  metals  begin  to 
exhibit  great  ductility,  being  fine  granular,  with  small  brilliant  ]>oints 
scattered  over  the  surface. 

No.  49  (6.05  copper,  93.77  tin). — Both  test-pieces  gave  very  similar  re- 
sults and  higher  than  the  average  of  No.  46,  thus  apparently  making 
No.  49  the  bar  of  second  maximum  strength  of  the  series,  as  stated  in 
remarks  on  the  test  of  No.  46.  These  pieces  showed  great  ductility,  the 
elongations  being  17  and  23  per  cent,  of  the  original  length.  The  section 
was  also  greatly  reduced,  and  the  resistance  to  stress  decreased  before 
rupture,  making  the  actual  tenacity  per  square  inch  of  the  fractured 
section  uncertain.  The  same  fact  has  been  commented  upon  when  de- 
scribing tests  bv  tensile  stress  of  the  first  series. 

No.  50  (2.11  copper,  97.68  tin).— The  results  of  the  two  tests  of  this  bar 
were  similar  to  those  of  No.  49,  but  they  showed  a  somewhat  less  strength, 
with  a  much  greater  ductility,  the  elongations  amounting  to  39  and  41 
l)er  cent.  The  jneces  were  greatly  reduced  in  diameter  throughout  their 
whole  lengtbs,  and  their  surfac>es  were  much  distorted  and  wrinkled. 
The  strength  of  the  bar  as  indicated  by  the  tensile  testi  is  much  greater 
than  that  shown  by  the  transverse  and  torsional  test«,  probably  on  ac- 
count of  the  shorter  length  of  time  occupied  by  the  former  method  of 
test. 

TESTS  BY  TORSIONAL  STRESS. 

The  tests  by  torsional  stress  of  the  second  series  of  copper  and  tin 
alloys  were  made  upon  the  Autographic  Recording  Torsion  Machine  de- 
scribed under  the  tests  of  first  series.     (Fig.  8,  page  302.) 
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In  making  testa  of  ductile  metals,  the  rate  of  motion  given  to  the  handle 
of  the  worm,  except  when  a  slow  or  a  rapid  motion  was  purposely  given 
to  determine  its  effect,  was  as  unilormly  as  possible,  one  revolution  in 
10  seconds.  As  the  worm-wheel  contained  80  teeth,  this  causejl  a  rate 
t)f  motion  of  the  axle  of  the  worm-wheel,  and  of  the  wrench  at  one  end 
of  the  tejst  specimen,  of  one  revolution  in  about  13  minutes.  In  testing 
the  brittle  metals  and  the  ductile  metals  within  the  elastic  limittherate 
of  motion  was  always  much  slower. 

The  autograi)hic  strain  diagrams  obtained,  one  for  each  test,  accompany 
this  report,  and  tables  giving  the  strength,  ductility,  and  resilience  of 
each  specimen  as  calculated  from  the  diagrams  are  appended. 

The  average  results  of  all  the  test  specimens  obtained  from  each  bar 
are  given  in  the  following  table: 


Table  X. — ^Second  Skries— Alloys  of  Copper  and  Tin. 

Te8t8  by  Torsional  Stress — Averages  of  Results  calculated  from  the  Autograpkio 
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It  will  be  seen  by  the  above  table  that  the  tests  by  torsional  stress 
coufirme<l  the  results  obtained  b^^  the  tests  by-  transverse  and  tensile 
stresses,  and  also  those  obtained  from  the  tests  of  the  tirst  series. 

The  maximum  strength  is  given  by  No.  34  (82.72  copper,  17.33  tin). 
There  is  a  rapid  decrease  of  strength  from  No.  35  (77.56  copper,  22.25 
tiu)  to  No.  30  (72.89  copper,  26.85  tin),  and  then  a  much  slower  decrease 
to  No.  40  (53.46  copper,  46.54  tin),  the  weakest  of  the  series.  From  this 
point  to  No.  46  (21.60  copper,  77.58  tin)  there  is  a  slow  and  somewhat 
irregular  increase  up  to  a  second  maximum,  and  from  No.  46  to  the  end 
of  the  series  another  decrease  to  the  second  minimum. 

Referring  to  the  autographic  strain  diagrams  and  the  appended  tables, 
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in  conuection  with  the  above  table  of  average  results,  the  following  ob- 
servations may  be  made  on  the  tests  of  the  pieces  from  each  bar : 

No.  31,  Plate  LIV  (99.09  copper,  0.87  tin). — Four  pieces  were  tested, 
all  of  which  were  defective  in  consequence  of  blowholes  and  the  separa- 
tion of  the  metals.  The  results  ai-e  therefore  rejected  in  the  table  of 
final  summary  of  results  (Table  — )  and  from  the  curves  of  strength 
of  the  series.  The  fractures  were  cojjper-red,  only  two  small  spots  of  a 
yellow  ish  alloy  being  found  in  one  of  them.  The  turned  surfaces  showed 
the  same  appearance  which  was  noted  under  the  tensile  test,  viz,  a  num- 
ber of  yellowish  spots  scattered  at  intervals  over  the  otherwise  uniformly 
copper-colored  surface,  indicating  a  separation  either  into  two  alloys,  or 
into  copper  and  one  alloy.  Its  strengch  is  very  much  less  than  that  of 
the  copper  piece,  No.  30,  and  nearly  the  same  as  that  of  the  copi)er,No. 
1,  w^hich  was  oxidized  and  full  of  blowholes. 

No.  32,  Plates  LIV,  LV,  LVI  (04.10  copper,  5.43  tin).— The  four  pieces 
tested  were  all  fair  specimens  and  gave  results  which  are  nearly  alike, 
the  maximum  torsional  movement  varying  from  150  to  165  foot-pounds, 
and  the  angles  of  torsion  from  153  to  207  degrees.  The  fractures  were 
all  similar,  being  of  a  yellowish -red  color  and  earthy  structure,  and  con- 
taining a  few  very  small  blow-holes. 

The  effect  of  long-continued  stress  was  tried  in  the  torsion  tests  of 
three  pieces  of  No.  32,  lettered  A,  B,  O.  No.  32  A  was  left  under  stress 
15  minutes,  and  No.  32  B  one  hour.  In  each  of  these  cases  no  change  of 
the  shape  of  the  diagram  could  l>e  detected,  the  pencil  remaining  in  the 
position  in  which  it  was  left  during  the  whole  time.  No.  32  C  was  left 
for  26  hours,  after  it  had  been  twisted  through  more  than  100  degrees. 
In  that  time  the  pencil  fell  less  than  one-tenth  of  an  inch,  indicating  a 
decrease  of  resistance  of  about  5  per  cent,  of  the  maximum  stress.  On 
resuming  the  test,  the  diagram  rose  again  to  just  beyond  its  original* 
height. 

No.  33,  Plates  LVII,  LVIII  (88.40  copper,  11.59  tin).— The  four  pieces 
tested  gave  results  closely  agreeing  with  each  other,  showing  a  some- 
what greater  strength  and  a  much  less  ductility  than  No.  32.  The  frac- 
tures were  similar  in  color  and  texture  to  those  by  tensile  stress.  No. 
33  D  was  left  under  stress  for  15  hours  without  showing  any  fall  in  the 
diagi'am.  On  resuming  the  test  the  line  retained  the  same  direction  it 
had  before,  thus  showing  no  decrease  of  resistance  with  time. 

No.  34,  Plate  LVIII  (82.72  copper,  17.33  tin). — Four  pieces  were  tested, 
the  average  result  showing  the  highest  strength  of  the  series,  thus  eon- 
firming  the  results  shown  b}-  the  transverse  and  tensile  tests.  The  duc- 
tility^ was  very  much  less  than  that  of  No.  33,  the  average  angle  of  torsion 
being  only  14  degrees.  The  fractures  were  of  a  pinkish-gray  color  and 
gninular  structure.  All  of  the  fractures  showed  some  dark  brownish- 
yellow  spots  in  the  center,  indicating  a  want  of  homogeneity,  and  possi- 
bly a  lateral  separation  of  the  metals. 

No.  35,  Plate  LVIII  (77.56  copper,  22.25  tin). — Four  piexjes  were  tested, 
giving  results  which  varied  considerably,  the  torsional  moment  of  No.  35 
B  being  2 15  foot-pounds,  and  that  of  No.  35  C  104  foot-pounds.  The 
lower  strength  of  No.  35  C  and  No.  35  D  may  possibly  be  accounted  for 
by  the  method  of  making  the  tests,  as  with  these  pieces  a  special  experi- 
ment was  made  with  the  machine  to  determine  the  <}haraeter  of  the  dia- 
gram made  by  a  very  rapid  motion  while  a  brittle  piece  was  under  stress. 
The  effect  is  seen  in  the  curvature  toward  the  horizontal  of  the  diagram 
of  No.  35  0,  and  in  the  irregularity  of  the  diagram  of  No.  35  D.  The 
average  result  of  the  four  tests  shows  a  considerably  less  strength  than 
that  of  No.  34,  as  was  also  shown  by  the  tensile  and  transverse  tests. 


TESTS   OP  METALS.  343 

The  fractures  were  all  similar  in  appearance,  being  of  a  light- gray  color 
and  very  fine  granular  structure. 

No.  36,  Plate  LIX  (72.89  copper,  26.85  tin).— Two  pieces  only  were 
tested  from  this  bar.  It  was  so  hard  and  brittle  that  it  could  not  be 
turned  in  the  lathe  without  danger  of  breaking.  The  torsion  pieces  were 
therefore  shaped  by  grinding  on  an  emery  wheel,  as  were  those  from  No. 
37  to  No,  41.  They  were  ground  merely  to  a  circular  section  of  a  little 
less  than  one  inch  in  diameter.  The  strength  as  obtained  from  the  dia- 
gram is  reduced  to  equivalent  strength  of  apiece  of  standard  size  (0.625 
inch  diameter)  by  dividing  by  the  ratio  of  the  cube  of  the  diameter  of 
the  piece  tested  to  the  cube  of  0.625. 

The  two  pieces  from  bar  No,  36  gave  nearly  similar  results,  the  strength 
being  less  than  one-fourth  of  that  of  the  average  of  No.  35.  The  dia- 
grams, like  all  those  of  brittle  materials,  are  almost  straight  lines 
slightly  inclined  from  the  vertical.  The  fra<5tures  are  of  a  very  light 
pinkish  gray  color,  and  show  some  appearance  of  radiated  laminae  simi- 
lar to  the  fractures  by  transverse  and  tensile  stresses. 

No.  37,  Plate  LIX  ^67.87  copper,  :i2.09  tiu). — Two  pieces  were  tested 
which  gave  consideraoly  less  strength  than  No.  36.  The  fractures  were 
brilliant  silver  white,  vitreous  and  conchoidal. 

No.  38,  Plate  LIX  (62.42  copper,  37.48  tin).— Two  pieces  were  tested, 
one  from  the  bottom  and  one  from  the  top,  which  gave  widely  different 
results.  No.  38  A  showed  a  torsional  strength  of  35.44  foot-pounds  of 
moment  (wl'cn  reduced  to  the  standard),  which  is  nearly  that  of  tthe 
average  of  the  pieces  from  No.  36..  The  fracture  was  almost  precisely 
similar  to  that  of  No.  37.  No.  38  B  gave  only  2.95  foot-pounds  torsional 
moment,  which  is  much  lower  than  that  of  any  piece  yet  noted.  Its 
fractuse  showed  it  to  be  an  entirely  different  metal  from  No.  38  A,  being 
dark  gray  in  color  and  stony  in  structure,  closely  resembling  in  appear- 
ance the  fracture  of  No.  12  (62.31  copper,  37.35  tin)  of  the  first  series, 
the  bar  of  maximum  density  as  before  described.  It  was  not,  however, 
perfectly  homogeneous  iu  color,  some  portions  being  of  a  lighter  shade 
of  gray  than  others  and  less  brilliant. 

The  liquation  of  the  metals  in  this  bar  has  already  been  noticed, 
and  the  torsion  tests  fully  confirm  the  record  of  the  tests  t)y  tension. 
No.  38  B  showing  the  lowest  tensile  strength  of  the  series.  The  average 
of  the  two  results  gives  a  strength  less  than  that  of  No.  37  and  greater 
than  that  of  No.  39,  thus  making  no  irregularity  in  the  table  of  aver- 
ages, given  above. 

No.  39,  Plate  LIX  (57.87  copper,  42.05  tin).— Only  one  piece  was 
tested  from  this  bar,  the  other  pieces  having  been  broken  in  turning  or 
shaping  on  the  emery  wheel.  Its  strength  wa«  much  less  than  the 
average  of  the  two  pieces  of  No.  38.  The  fracture  was  of  a  light-gray 
color,  with  a  stony  structure,  and  with  radiated  lines  of  cooling. 

No.  40,  Plate  LIX  (53.46  copper,  46.54  tin). — 'Lwo  pieces  were  tested, 
giving  an  average  strength  less  than  that  of  No.  39,  and  the  lowest  of 
the  series.  The  fractures  were  scarcely  distinguishable  from  that  of 
No.  39. 

No.  41,  Plate  LIX  (47.27  copper,  52.72  tin)  -rTwo  pieces  were  tested, 
giving  results  nearlj'  alike,  the  average  being  mnch  higher  than  that  of 
No.  40.    The  fractures  were  very  similar  to  those  of  No.  39  and  No.  41). 

No.  42,  Plate  LIX  (43.99  copi)er.  55.91  tin). — ^Three  pieces  were  tested, 
which  differed  considerably  in  strength,  the  pieces  A,  B,  and  C  giving 
torsional  moments  of  20.84, 16.11,  and  11.75  foot-pounds,  respectively. 
The  average  is  less  than  that  of  No.  41,  making  an  irregularity  in  the 
table  of  averages.    The  weakness  of  the  pieces  No.  42  B  and  No.  42  0. 
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seems  to  be  canaed  by  a  difii.»rence  in  structure,  the  fractures  of  these 
pieces  showinj^f  confusedly  radiated  lainiua),  while  that  of  No.  42  A  is 
compact  aud  stony,  similar  to  that  of  No.  41 .  The  difference  iu  streu^^th 
aud  appearance  is  fully  accounted  for  by  the  analyse?,  whicli  show  that 
a  great  amount  of  liquation  took  place  in  the  casting  of  this  bar, 
the  composition  of  top  and  bottom  varying  more  than  20  per  cent. 

No.  43,  Phite  LIX  (37.10  copper,  02.1)0  tin). — Four  pieces  were  tested, 
the  metal  being  soft  enough  to  be  turned  in  the  lathe  to  pieces  of  stand- 
ard size.  The  strengtlj  was  quite  irregular,  and  the  average  was  less 
than  that  of  No.  42.  The  fractures  were  of  a  light-gray  color,  with 
large  radiated  prismatic  crystals. 

No.  44,  Plate  LX  (30.70  copper,  69.19  tin). — Four  pieces  were  tested, 
which  gave  results  widely  varying.  No.  44  A  had  a  maximum  tor- 
sional moment  of  only  083  foot  poiuids,  and  No.  44  B  a  moment  of 
30.29  footpounds.  The  average  of  the  four  pieces  was  much  higher 
than  that  of  No.  43.  The  fractures  were  all  crystalline,  the  crystals  of 
No.  44  A  being  much  larger  than  those  of  the  other  pieces.  From  the 
fact  that  the  torsion  pieces  from  the  upper  end  of  each  of  the  bars,  Nos. 
44,  45,  46,  and  47,  were  weaker  than  those  of  the  other  pieces  from  the 
same  bars,  it  appears  probable  that  the  weakness  is  due  either  to  differ- 
ence in  pressures  of  the  molten  metal  at  the  top  and  bottom  of  the 
mold,  or  to  diffeivnces  in  the  rate  of  cooling,  or  possibly  to  both.  This 
irregularity  of  strength  of  all  the  white  crystalline  alloys  has  been 
noted  already  iu  the  tests  of  the  first  series. 

No.  45,  Plate  LX  (26.62  copi)er,  73.18  tin). — ^Three  pieces  were  tested, 
showing  considerable  irregularity  in  strength.  No.  45  A  having  less  than 
half  of  the  strength  of  No.  45  0.  The  fractures  were  irregularly  lami- 
nated and  crystalline.  The  average  strength  was  nnich  higher  than  that 
of  No.  44,  showing  the  api)roach  to  the  second  maximum  of  strength. 

No.  46,  Plate  LX  (22.10  copper,  77.58  tin). — Four  {>ieces  were  tested, 
giving  an  average  strength  greater  than  that  of  No.  45,  and  showing 
the  point  of  second  maximum  strength  of  the  series,  which  confirms 
the  tests  by  transverse  stress.  The  piece  No.  46  A  had  a  much  less 
strength  than  either  of  the  other  pieces,  but  it  does  not  affect  the  aver- 
age sufficiefitly  to  place  it  below  the  sec*>nd  maximum.  The  Iractures 
were  similar  to  those  of  No.  45. 

No.  47,  Plate  LX  (16.70  copper,  83.23  tin). — Four  pieces  were  tested, 
giving  a  somewhat  less  strength  than  No.  46.  The  pie<H)  No.  47  A  had 
only  17.35  foot  pounds  torsional  moment,  while  the  pieces  B,  O,  and  D 
had  27.59,  25.03,  and  27.59  pounds,  respectively.  The  fractures  were 
largely  granular  in  the  center  and  laminated  at  the  edges. 

No.  48,  Plate  LXI  (11.68  copper,  88.25  tin). — Four  pieces  were  tested, 
which  all  gave  results  agreeing  very  closely.  The  average  strength  of 
the  four  pieces  is  a  little  higher  than  that  of  No.  47,  but  less  than  that 
of  the  three  piece^^  of  No.  47  marked  B,  O,  D.  The  slight  irregularity 
in  the  decrease  of  strength  of  the  series  from  No.  46  to  No.  50  is  due, 
therefore,  entirely  to  the  exceptional  weakness  of  No.  47  A.  These 
pieces  exhibited  much  greater  ductility  than  No.  46.  The  fractui^s 
were  in  a  plane  peri)endicular  to  the  axis  of  the  specimen,  a  character- 
istic of  the  torsional  fiactnres  of  all  ductile  metals.  They  were  of  a 
light  grav  color  and  fine  granular  structure. 

No.  49,'  Plates  LXI,  LXII,  LXIII  (6.05  copper,  93.77  tin).— The  four 
pieces  gave  an  average  strength  considerably  less  than  that  of  No,  48, 
confirming  the  law  of  gradual  decrease  toward  the  end  of  the  series. 
They  were  very  ductile,  twisting  through  angles  of  from  125  to  221  de- 
grees before  breaking.    The  turned  surfaces  became  much  distorted  and 
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the  plane  surfaces  of  fracture  were  polished  by  rubbing  together  as  rup- 
ture took  i)lace. 

No.  50,  Plates  LXIV,  LXV,  LXVI,  LXVII  (2.11  copper,  97.68  tin).— 
The  average  strength  of  the  four  i»ieces  tested  was  less  than  that  ot  No. 
49,  giving  the  point  of  second  minimum  strength  of  the  series.  The 
pieces  were  very  ductile,  twisting  through  325  to  424  degrees.  The 
turned  surfaces  and  surfaces  of  fracture  were  similar  to  those  of  No.  49. 

lu  testing  some  of  the  pieces  of  No.  49  and  No.  50,  experiments  were 
made  to  show  the  effect  of  rapid  and  of  slow  motion,  and  of  leaving 
under  stress  for  a  length  of  time,  with  the  same  results  as  were  shown 
in  tlie  tests  by  torsion  of  the  ductile  metals  of  the  first  series,  and  also 
by  the  tensile  and  transverse  tests,  viz,  the  increase  of  resistance  to 
rapid  motion,  and  the  decrease  of  resistance  on  being  left  under  stress 
for  a  time.  The  diagrams  show  very  plainly  the  results  of  these  '^  time 
tests.'' 

TESTS  BY  COMPRESSION. 

The  pieces  were  carefully  prepared,  like  those  of  the  first  series,  of  a 
uniform  size  of  2  inches  iii  height  and  0.G25  inch  in  diameter,  with  their 
ends  made  plane  surfaces  perpendicular  to  the  axis.  The  tests  w^ere 
made  in  the  machine  (Fig.  6,  x).  292),  to  which  an  attachment  had  been 
added  tor  the  purpose.  The  measurements  were  made  with  great  ac- 
curacy by  means  of  the  apparatus  (Fig.  13)  described  on  page  326.  It 
was  found  that  the  point  and  moment  of  contact  could  be  determined 
more  rapidly  and  with  even  grciiter  accuracy  by  connecting  a  batteiy 
and  signal  and  letting  the  contact  of  the  end  of  the  micrometer-screw 
complete  the  circuit. 

Tables  are  appended  giving  the  results  of  the  test  of  each  bar,  and 
the  following  table  (Table  Xa)  presents  a  summary  of  all  results  of  these 
tests  of  alloys,  and  also  of  several  extra  bars  of  cast  copper: 

Table  Xa. — Second  Series— Alloys  of  Copper  and  Tin. 

Tests  hy  Compressive  Stress. 


Number. 
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Composition  by  Load  per  square  inch  causing 
analysis.  a  conipri'ssion  of— 
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0.87 
5.43 
11.59 
17.33 
22.25 
6100 
09.  19 
73.18 
77.58 
83  23 
88.25 


Cast  coppur. 

do 

do 


Pounds. 

82,500 
39,000 
45,000 
84,000 
130, 879 


Pounds. 

42.000 

40,000 

58.670 

104.  ODO 

149,932 


Pounds, 

52, 000 

05,000 

91, 200 

136,  898 


30.000 
80,  000 
85,000 


80.000 
87.000 
48.000 


50,000 
50, 000 
05,000 


I 
I 

a 
I 


eP 


©73 


a 


c^^^ 


Pounda. 

81, 485 

180, 379 

143. 417 

143,417 

140,932 

0.519 

10,297 

16. 297 

10.297 

9,778 

13, 038 

104.  303 

91.266 

97,785 


.4400 
.4605 
.  3455 
.  1010 
.1018 
.0025 
.0040 
.0091 
.0113 
.  0(r25 

.  03o:> 

.5154 
.4814 
.4122 


Pounds, 

42.000 

46.000 

58.670 

104, 303 

140, 932 

0,  510 

16,297 

16,  U97 

16,  297 

9,778 

13,  036 

30.  (100 

37,000 

48,000 


Bemarka. 


Crackod. 

Crashed. 

Do. 


Flattened. 
Do. 
Do. 


Tliefollowing  observations  were  noted  in  connection  with  the  individnal 
tests.    The  manner  in  which  they  yielded  under  the  pressures  applied  to 
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them  is  shown  in  Plate  XXI,  and  a  record  and  comparison  of  all  results 
of  both  series  is  given  by  the  curves  of  Plate  IV. 

The  increments  of  pressure  upon  the  te^^t-pieces  were  1.000  pounds  for 
the  weaker  alloys  and  2,(M)0  for  the  stronger,  which  for  a  diameter  of 
0.625  c  rrespond  I'espectively  to  pressures  of  3,259  and  6.519  pounds  i)er 
square  inch. 

yo.  31  (99  09  copper,  0.S7  tin).— A  comparison  of  the  plotted  curves 
of  Xos.  31  and  1  (copper)  shows  much  siuiilarity,  with  an  increased  resist- 
ance to  comjiression  on  the  ]»art  of  No.  31.  The  test  was  ended  at  a 
pressure  of  81,485  pounds  per  square  inch  by  the  cracking  of  a  wedge- 
shai)ed  piec«at  the  top  and  a  similnr  one  at  the  bottom.  The  compression 
at  this  point  was  0.8801  inch.  The  i)lece  was  considerably  bent.  The 
diameter  of  its  oval  section  varied  fn>m  0.79  to  0.84  inch. 

No.  32  (94.11  copper,  5.43  tin)  — The  compression  of  the  piet*e  was  not 
measurable  until  it  had  been  subje<ited  to  a  pressure  of  19,557  pounds 
per  square  inch,  which  caused  a  compression  of  0.0001  inch.  At  2(),075 
pounds  per  square  inch  the  comi)ression  was  0.0108  inch,  its  apparent 
elastic  limit,  as  shown  by  the  curve,  being  near  this  yiressure.  The  pie<!e 
was  removed  after  being  subjected  to  a  pressure  of  130,379  pounds  per 
square  inch,  which  caused  a  compression  of  0.9330  inch.  It  was  much 
bent.  It  had  none  but  mere  surface  cracks.  Its  section  was  slightly 
oval,  with  diameters  varying  from  0.80  to  0.86  inch. 

No.  33  (88.40  copper,  11.59  tin). — The  apparent  elastic  limit  was  at 
about  30,o!o0  pounds  per  square  inch.  Under  a  pressure  of  32,595  pounds 
per  square  iuch  the  compression  was  0.0374  inch.  Beyond  this  point  the 
amount  of  compression  continued  very  nearly  proi>ortional  to  the  pres- 
sure until  a  compression  of  0.0911  inch  under  a  pressure  of  143,417  pounds 
per  square  inch  was  reached,  when  the  piece  was  removed.  The  spexsi- 
men  was  bent,  the  surface  quite  uniformly  mottled  or  wrinkled,  but 
showed  no  sign  of  fracture,  and  would  evidently  have  resisted  a  consid- 
erably greater  pressure  and  compression.  Its  section  was  nearly  circular 
and  had  increased  to  a  diameter  of  from  0.72  to  0.74  inch. 

No.  34  (82.72  copper,  17.33  tin).— The  first  point  at  which  a  marked 
change  in  the  direction  of  the  plotted  curve  can  be  observed  is  at  the 
pressure  of  58,671  pounds  per  square  inch,  which  gave  a  compression  of 
0.0268  inch.  A  pressure  of  71,709  pounds  per  square  inch  caused  a  com- 
pression of  0.0628  inch.  From  this  point  to  the  end  of  the  test  the  com- 
pressions, as  shown  by  the  curve,  were  proportional  to  the  pressures. 
The  greatest  compression  obtained  was  0.3821  inch,  caused  by  a  pressure 
of  136,898  pounds  per  square  iuch.  A  pressure  of  143,417  pounds  i>er 
square  inch  caused  a  wedge,  whose  base  was  the  full  size  of  the  diameter 
of  the  piece,  to  separate  from  the  top,  the  pressure  upon  the  surfaces  as 
they  slid  upon  each  other  burnishing  them.  A  semi-cylindrical  piece 
about  0.4  inch  in  height  flew  off  from  the  bottom.  Cracks  extended 
upward  to  the  middle.  The  piece  was  but  slightly  bent.  The  diameter 
had  increased  to  from  0.67  to  0.09  inch. 

No.  35  (77.56  copper,  22.25  tin). — This  piece  ]n'oved  to  be  the  strongest 
of  either  series.  It  withstood  pressures  up  to  91,260  pounds  per  square 
inch  and  a  compression  of  0.0190  inch  before  the  ratio  of  compression  to 
pressure  began  to  increase  and  to  show  that  the  a^^parew^  limit  of  elastic- 
ity had  been  passed.  The  piece,  however,  withstood,  without  yielding, 
the  utmost  pressure  that  could  be  brought  to  bear  upon  it  by  the  testing 
machine.  The  maximum  compres  ion  was  0.2027  inch,  produced  by  a 
pressure  of  149,932  pounds  per  square  inch.  The  surface  was  slightly 
wrinkled  and  showed  a  few  surface  cracks.    A  bend  could  be  just  dis- 
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tingaished.    The  section  remained  circular  and  measured  0.69  inch  in 
diameter. 

Ko.  36  (72.89  copper,  26.85  tin)  to  No.  42  (43.99  copper,.65.91  tin)  gave 
no  definite  results,  as  they  crumbled  under  slight  pressure. 

No.  43  (37.10  copper,  69.19  tin). — ^This  piece  was  weak  and  brittle.  A 
pressure  of  6,519  pounds  caused  a  compression  of  0.0051  inch.  On 
adding  the  next  weight,  which  brought  to  bear  a  pressure  of  13,038 
pounds  per  square  inch,  the  bottom  crumbled  into  fragments.  The 
upper  portions  were  unchanged  in  appearance  or  size. 

No.  44  (30.76  copper,  69.19  tin)  behaved  in  the  same  manner  as  No. 
43.  It  was  somewhat  stronger,  sustaining  a  pressure  of  13,038  pounds 
per  square  inch  and  a  corresponding  compression  of  0.0081  inch.  A 
pressure  of  16,297  pounds  per  square  inch  was  brought  upon  it,  which 
it  resisted  just  long  enough  to  hit  the  scale-beam,  when  it  yielded  by 
pieces  breaking  from  the  top.  The  surface  presented  a  slightly  wrinkled 
appearance  and  the  diameter  was  increased  to  0.61  inch. 

No.  45  (26.62  copper,  73.18  tin)  was  similar  to  No.  44,  but  somewhat 
more  yielding,  a  pressure  of  13,038  ]>ounds  compressing  it  0.0182  inch. 
A  pressure  of  16,297  pounds  per  square  inch  had  just  raised  the  scale- 
beam,  when  pieces  broke  from  the  middle  of  the  specimen.  The  diam- 
eter and  the  appearance  of  the  remaining  portion  was  unchanged. 

No.  46  (22.10  copper,  77.58  tin)  behaved  much  like  Nos.  44  and  45,  but 
showed  a  little  more  ductility.  A  pressure  of  13,038  pounds  per  square 
inch  caused  a  compression  of  0.0227  inch.  It  was  crushed  by  a  pressure 
of  16,297  pounds,  which  forced  off  wedge-shaped  pieces  near  the  bottom. 
The  upper  portion  of  the  specimen  was  not  changed  in  diameter  or 
appearance. 

No.  47  (16.70  copper,  83.23  tin)  was  weak  and  brittle;  a  pressure  of 
6,519  pounds  per  square  inch  caused  a  compression  of  0.0051  inch. 
Under  a.  pressure  of  9,788  pounds  per  square  inch  wedge-shaped  pieces 
broke  out  from  the  middle. 

No.  48  (11.68  copper,  88.25  tin). — This  piece  was  very  weak,  but  less 
brittle  than  the  four  preceding  specimens.  A  pressure  of  9,778  pounds 
per  square  inch  compressed  it  0.0611  inch.  A  ])ressure  of  13,038  pounds 
per  square  inch  caused  it  to  yield  in  three  portions ;  the  top  and  bottom 
parts  being  wedge-shaped,  with  the  points  of  the  wedges  meeting  and 
having  bases  the  full  size  of  the  diameter  of  the  specimen,  and  the 
remaining  or  middle  portion  being  in  one  piece,  and  the  whole  welded 
together. 

No.  51  (cast  copper). — A  pressure  of  19,557  pounds  per  square  inch 
caused  a  compression  of  0.0089  inch.  A  i)re8sure  of  26,075  x>ounds  per 
square  inch  caused  a  compression  of  0.0573  inch.  The  change  in  the  curve 
which  seemed  to  mark  the  elastic  limit  occurs  between  these  two.  Be- 
yond the  last  named  observation,  and  until  the  piece  was  removed,  the 
ratio  of  compression  to  pressure  continued  nearly  constant,  as  is  shown 
by  the  plotted  record,  which  is  nearly  a  straight  line  up  to  the  point  cor- 
responding to  a  pressure  of  71,705  pounds  per  square  inch,  where  an  in- 
crease of  resistance  is  observed.  The  maximum  pressure  was  104,303 
pounds  per  square  inch  and  the  maximum  compression  was  1.0308  inch. 

No.  52  (cast  copper)  offered  a  resistance  very  similar  to  No.  51.  The 
apparent  elastic  limit  was  between  the  same  pressures.  The  pressure 
was  carried  up  to  91,266  pounds  per  square  inch,  causing  a  compression 
of  0.9628  inch.  The  piece  flattened  and  bent  considerably.  The  section 
was  oval,  and  the  diameters  varied  from  0.84  to  0.91  inch. 

No.  63  (cast  copper)  showed  greater  resistance  te  compression  than 
either  Nos.  51  and  52.    A  change  in  direction  of  the  plotted  curve  occurs 
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at  the  same  pressures  as  noted  in  the  last-named  tests,  bat  it  is  not 
marked,  the  line  shonring  a  gradual  curve  up  to  55,000  pounds  per 
square  inch.  The  maximum  pressure  applied  was  97,785  pounds  per 
square  inch,  and  the  compression  caused  by  that  pressure  was  0.82M 
inch. 

ANALYSES  AND  SPECIFIC  GRAVITIES. 

The  following  tables  give  the  results  of  the  chemical  analyses  and  de- 
terminations of  specific  gravity  which  were  made  of  portions  of  each  bar 
tested,  in  both  the  lii*st  and  second  series. 

The  analyses  were  made  from  the  turnings  and  chips  made  in  shaping 
the  specimens  for  test  by  tensile  stress,  two  samples  for  analysis  being 
thus  taken  from  each  bar.  In  some  cases  in  which  liquation  was  plainly 
seen  from  the  appearance  of  the  fracture,  analyses  were  made  of  three 
portions  of  the  bar. 

The  specific  gravity  determinations  were  made  of  pieces  weighing 
from  50  to  75  grammes,  taken  from  the  cylindrical  portion  of  the  broken 
tensile-test  pieces.  The  pieces  of  the  more  ductile  si)ecimens  were  taken 
from  the  jwrtion  of  the  test-piece  farthest  from  the  point  of  fracture, 
and  therefore  least  distorted  by  the  stress.  Care  was  taken  to  secure 
pieces  as  free  from  blow-holes  as  possible,  but  in  some  cases  this  could 
not  be  done,  and  the  results  are  therefore  too  low,  as  those  which  are 
indicated  in  the  tables  by  an  asterisk. 

In  determining  the  specific  gravities,  the  pieces  were  first  washed  in 
alcohol  to  free  them  from  any  dirt  or  grease  which  might  be  attached  to 
them,  and  then  thoroughly  dried.  The  weighings  were  made  on  a  Becker 
&  Son's  chemists'  balance,  which  was  sensitive  to  ^  of  a  milligramme. 
Before  weighing  in  water,  the  pieces  were  boiled  for  two  or  three  hours, 
to  i-emove  as  far  as  possible  the  air  inclosed  in  the  pores  of  the  metal, 
and  after  cooling  in  the  dish  in  which  they  were  boiled  they  were  placed 
under  the  receiver  of  an  air-pump,  and  the  air  was  further  exhausted. 
They  were  then  rapidly  transferred  to  the  beaker  of  distilled  water,  in 
which  they  were  weighed,  being  suspended  by  a  loop  of  very  fine  plati- 
num wire  from  the  arm  of  the  balance.  The  water  in  which  they  were 
weighed  was  alw^ays  kept  at  the  same  level,  and  the  proper  correction 
was  made  for  the  weight  of  the  platinum  wire. 

The  results  given  in  the  table  are  corrected  for  the  temperature  of  the 
water,  being  reduced  to  the  standard  of  water  of  maximum  density 
(390.1  Fahr.). 

It  will  be  seen  that  the  bars  which  have  been  described  under  the  re- 
marks on  the  tests  as  being  full  of  blow-holes  give  low  specific  gravities, 
and  it  seems  x>robable  that  all  the  figures  of  all  the  bars,  from  No.  1  to 
i^o.  9  and  No.  30  to  No.  34,  are  lower  than  the  true  specific  gravities  of 
the  metal. 

To  determine  the  effect  of  the  porous  structure  in  reducing  the  appar- 
ent specific  gravity,  a  special  determination  was  made  of  No.  6  A  (87.15 
copper,  12.69  tin)  in  the  shape  of  turirings.  It  will  be  remembered  that 
the  test  specimen  with  this  number  showed  a  separation  of  the  metals 
into  two  distinct  alloys,  which  appeared  intimately  mixed  in  the  fractui-od 
surface.  The  piece  whose  specific  gravity  was  determined  to  be  only 
8.408  as  given  in  the  tables,  was  apparently  free  from  blow-holes  of  any 
appreciable  size,  but  the  fracture  had  a  porous  appearance.  Five  turn- 
ings were  made  from  the  same  piece,  and  their  density  was  determined 
by  the  specific  gravity  bottle,  and  also  by  weighing  them  in  water  in  a 
small  dish  of  platinum  foil  suspended  from  the  arm  of  the  balance.  Con- 
siderable difficulty  was  experienced  in  removing  the  air-bubbles^  and  it 
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was  only  after  several  boilings  and  exhaustions  with  the  air-pump  that 
constant  weighings  were  obtained,  the  apparent  specific  gravity  increas- 
ing as  the  air  was  more  perfectly  removed.  The  result  finally  obtained 
was  a  density  of  8.943,  corrected  for  the  expansion  of  water,  and  this  fig- 
ure was  obtained  by  both  methods. 

The  density  of  turnings  from  the  ingot-copper  used  in  making  the 
alloys  was  in  like  manner  determined  to  be  8.874. 

A  marked  difierence  is  seen  between  the  density  of  the  copper  bar 
No.  1  and  that  of  No.  30,  which  corresponds  to  their  differeuce  in  other 
properties. 

In  averaging  the  figures  obtained  for  the  column  of  mean  specific 
gravity,  Nos.  2  A,  6  A,  and  31  A  are  rejected,  as  the  figures  obtained  for 
them  are  evidently  much  lower  tban  their  true  specific  gravities. 

The  bars  which  exhibited  liquation  also  show  a  great  difference  in 
specific  gravity  in  the  top  and  bottom  of  the  bar,  corresponding  to  the 
difference  in  composition. 

In  bar  No.  38  (62.42  copper,  37.48  tin),  the  mean  specific  gravity  is 
taken  to  be  that  of  the  piece  fix)m  the  middle  of  the  bar  No.  38  0,  as  the 
composition  of  this  piece  agrees  more  nearly  than  the  other  portions  of 
the  bar  with  the  original  mixture,  and  this  composition  nearly  corre- 
sponds to  the  maximum  density  shown  by  No.  12, 
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Fable  XI.— Fibst  Series —Allots  of  Copper  and  Tin. 

Analjf9e9  and  Specific  Oravitie$. 


2f  umber. 


lA 

B 
2A 

B 
3A 

B 
4  A. 

B 
5A 

B 
OA 

B 
7A 

B 
8A 

B 
9A 

B 

10  A 
B 

11  A 
B 

12  A 
B 

13  A 
B 

14  A 
C 
B 

15  A 
B 

lAA 
B 

17  A 
B 

18  A 
0 
B 

19  A 
C 
B 

20  A 
B 

21  A 
B 

22  A 
B 

23  A 
B 

24  A 
B 

25A 

B 
26A 

B 
27  A 

B 
28A 

B 
20  A 

B 
30  A 

B 


Original  mix- 
ture. 


e 
O 


100.00  I 
100.00 
9H.  10  • 

oa.10 

90.27 

06.27 

9  J.  80 

9j.  80 

9i}.  uO 

90.00 

80.67 

86.67 

80.00 

bO.  UO 

76.32 

76.32 

70.00 

70.00 

68.25 

«<.26 

65.00 

65.00 

61.71 

61.71 

66.32 

56.32 

51.80 

61.80 

51.80 

47.93 

47.95 

44.63 

44.03 

41.74 

41.74 

39. 20 

89.20 

39.20 

34.95 

34.95 

34.95 

28.72 

28. 72 

24.  88 

24.38 

21.18 

21.18 

15.19 

15.19 

11.84 

11.84 

9.70 

9.70 

4.29 

4.29 

1.11 

1.  il 

0.  5r)7 

0.  557 

0.00 

0.00 

100.00 

100.00 


0.00 
0.00 
1.9U 
1.93 
8.73 
3.73 
7.20 
7.20 
10.00 
10.00 
13.43 
13.43 
20.00 
20.  OU 
23. 68 
23.68 
30.00 
3U  00 
31.75 
31.75 
35.00 
35.  CO 
38.29 
38.29 
43.68 
43.68 
48.20 
61.  (-0 
48.  20 
62.05 
52. 05 
65.37 
55.37 
68.  26 
58.26 
60.80 
39. 20 
60.80 
63.05 
34.95 
65.05 
71.28 
71  28 
75.62 
75.62 
78.  82 
78.82 
84.81 
84.81 
88.10 
8P.  l« 
9(1.30 
90. 3U 
95.71 
95.  71 
98.89 
68.89 
99. 443 
09. 443 
100.  00 
100.  00 
0.00 
0.00 


*The  flji^nres  marked  with  a  star  in  the  columns  of  specific  gravities  are  much  lower  than  the  tme 
specific  gravities,  in  consequence  of  thn  presence  of  blow-holes.  The  specific  gravity  of  Ko.  6  A  was 
re-determined  in  the  shupc  of  fine  turuings,  and  found  to  be  8.943.  A  determination  of  the  specific 
gravity  of  fine  turnings  of  the  ingot*coppcr  used  in  this  series  wan  also  made,  giving  the  result  8.874. 
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Table  XII.— Second  Series— Alloys  of  Copper  and  Tin. 

Analyses  and  Specific  Gravities. 


Number. 


31  A 

B 

32  A 

B 

33  A 

B 

84  A 

B 

35  A 

B 

36  A  

B 

87  A 

B 

38  A 

C 

B 

89  A 

0 

B 

40  A.: 

B 

41  A 

B 

42  A  

B 

43  A 

B 

44  A 

B 

45  A 

B 

46  A 

B 

47  A 

B 

48  -a....: 

B 

49  A , 

B 

60  A 

B 


Original 
mixturt). 


Copper. 


07.5 
97.5 
02.5 
0-^.5 
87.5 
87.5 
82.5 
82.5 
77.5 
77.5 
72.5 
72.5 
67.5 
67.5 
62.5 
62.5 
62.5 
57.5 
57.5 
67.5 
52.5 
52.5 
47.5 
47.5 
42.5 
42.5 
87.5 
87.6 
32.5 
32.6 
27.5 
27.5 
22.5 
22.5 
17.5 
17.5 
12.5 
12.5 
7.5 
7.5 
2.5 
2.6 


Tin. 


2.5 
2.6 
7.5 
7.6 
12.5 
12.5 
17.5 
17.5 
22.5 
22.6 
27.5 
27.5 
32.5 
32.5 
37.5 
62.5 
37.5 
42.5 
57.5 
42.5 
47.5 
47.6 
52.5 
52  5 
57.5 
57.5 
62.5 
62.5 
67.5 
67.5 
72.5 
72.5 
77.5 
77.5 
82.5 
82.5 
87.5 
87.5 
02.6 
02.  5 
07.5 
07.5 


Analysis. 


Copper.'    Tin. 


00.40 
08.70 
03.08 
04.23 
8a  35 
88.46 
82. 72 
82.60 
77.41 
77.71 
72.85 
72.01 
67.66 
68.08 
67.59 
63.69 
56.00 
64.21 


61.  M 

50.10 

47.10 

47.43 

56.21 

32.77 

37.62 

.36.58 

33;  80 

27.66 

26.64 

26.61 

22.00 

22.11 

16.74 

16.60 

11.67 

11.70 

6.07 

6.0:i 

2.18 

2.03 


0.62 
L22 
6.47 
5.30 
11.61 
11.57 
17.33 
17.34 
22.27 
22.23 
26.80 
26.00 
32.32 
31.08 
32.32 
36.27 
43.85 
35. 5G 


Yftrlatlon  of 
composition. 


Mean  analysis. 


f 


48.64 
43.21 
49.88 
52. 8  J 
52.59 
44.80 
67.02 
62. 30 
63.44 
66.01 
72.37 
7.^  15 
73. 20 
77.62 
77.54 
83.11 
83.  36 
88.  25 
8ri.  24 
03.75 
03.70 
07.60 
07.77 


03. 77  J 
97.6s| 


Specific 
gi-avil>. 


8.611 
*a2ol 
8.704 
8.604 
8.650 
a  645 
a  704 
a  780 
a  985 
a899 
a  925 
a  9-25 

a  914 
a  900 

a803 
8.956 
a  744 
a  674 

a83i 

a  637 
a  779 
a  507 

a  46 1 

a  430 

a  461 
a  412 
a  112 

8.090 
7.031 
7. 776 
7.045 
7.885 
7.807 
7.741 
7.685 
7.605 
7.549 
7.  536 
7.403 
7.430 
7.330 
7.844 


Mean 
specific 
gravity. 


a  611 
a684 
a648 
a  702 

a  917 

a  925 
a907 

aft'S6 
a  781 

a643 
a446 
a  437 

a  101 

7.031 
7.915 
7.774 
7.690 
7.543 
7.417 
7.342 


GENERAL  SUMMARY  OF  RESULTS. 


The  following  table  exhibits  a  condensed  summary  of  results  of  all  the 
tests  which  have  been  made  in  both  series  arranged  in  the  order  of  their 
composition  by  original  mixture. 

The  results  under  the  heads  of  "Tests  by  tensile  stress"  and  "Tests 
by  torsional  stress"  are  the  averages  of  the  results  of  the  tests  of  the  two 
or  four  specimens  bearing  the  same  numbers,  but  in  all  cases  rejecting 
tests  of  defective  specimens  except  bar  No.  1,  which  is  retained  for  com- 
parisiou  with  bar  No.  30. 
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EEMABKS  UPON   THE   GENERAX  SUMMARY  OF  RESULTS. 

From  the  results  recorded  in  the  above  table  a  number  of  curves  have 
been  plotted  (Plates  VII  to  XI),  by  inspection  of  which  the  relations 
existing  between  the  compositions  of  the  alloys  of  copper  and  tin,  their 
density,  strength,  ductility,  and  other  properties,  may  be  seen  more 
plainly  than  from  the  figures.  These  curves,  and  the  figures  trom  which 
they  were  plotted,  will  now  be  discussed  in  order. 

VARIATION  OF  COMPOSITION  BY  ANALYSIS  FROM  COMPOSITION  BY 
ORIGINAL  MIXTURE,  AND  LIQUATION  OR  SEPARATION  OF  THB 
METALS. 

From  the  figures  given  in  the  tables  of  analyses  and  specific  gravities 
(pages  350, 351),  under  the  head  of  ^<  Variation  of  comx)Osition,''  a  diagram 
has  been  plotted  to  show  what  relation,  if  any,  this  variation  of  composition 
bears  to  the  percentages  of  copper  and  tin  in  the  original  mixture.  The 
diagram  does  not  indicate,  however,  that  this  variation  follows  with  cer- 
tainty any  regular  law  dependent  ui)ou  the  percentage  of  the  metals. 
In  general  there  appears  to  be  a  greater  loss  of  tin  than  of  copper  in  the 
bars  which  contain  the  greater  percentages  of  copper,  and  a  greater  loss 
of  copper  than  of  tin  in  the  bars  which  contain  the  larger  percentages  of 
tin,  and  that  the  bars  which  contain  about  equal  amounts  of  the  two 
metals  show  great  tendency  to  liquation. 

In  the  alloys  which  contain  less  than  35  per  cent,  of  tin  by  original 
mixture  there  is  a  greater  loss  of  tin  than  of  copper,  with  but  three  ex- 
ceptions. In  the  alloys  containing  more  than  70  per  cent,  of  tin  there 
is  a  greater  loss  of  copper  than  of  tin,  with  only  one  exception.  In  all 
of  the  alloys  of  these  two  classes  the  extreme  variation  of  a  single 
analysis  from  the  original  mixture  is  3.6  per  cent.,  and  generally  it  is 
less  than  one  per  cent.  In  the  alloys  between  these  limits,  or  those  con- 
taining between  35  and  70  per  cent,  of  tiu,  there  are  some  bars  which 
show  great  amounts  of  liquation,  and  others  which  show  very  little. 
The  diagram  at  this  portion  of  the  series  is  consequently  very  irregular, 
and  fails  to  indicate  any  definite  law. 

It  only  seems  to  show  that  in  these  compositious  there  is  a  great 
tendency  to  liquation,  which  may  or  may  not  take  place,  according  as 
certain  precautions  are  observed  in  casting.  In  the  bars  whose  analyses 
showed  a  great  amount  of  liquation  it  was  uniformly  the  case  that  the 
upper  part  of  the  bar  contained  the  larger  percentage  of  copper,  and 
from  the  api)earances  of  the  fractures  of  different  portions,  the  variations 
in  hardness  and  other  properties,  as  well  as  some  analyses  and  determi- 
nations of  density  made  of  different  portions  of  the  bar,  it  appears  that 
there  was  a  regular  increase  in  percentage  of  copper  from  the  bottom  to 
the  top,  and  that  there  was  no  distinct  plane  of  separation  between  two 
different  but  definite  compositions.  In  two  cases  the  differences  in  com- 
position of  the  top  and  bottom  of  the  bar  amounted  to  more  than  20  per 
cent. 

.  In  two  cases  there  appeared  to  be  lateral  liquation  or  separation  of 
the  metals  in  such  a  manner  that  the  exterior  of  the  bar  contained  a  less 
amount  of  tin  than  the  interior.  The  first  of  these,  No.  18  (38.37  cop- 
per, 61.32  tin),  contained  by  original  mixture  39.20  copper,  60.80  tin. 
The  analyses  of  the  turnings  from  the  tension-pieces,  from  the  top  and 
from  the  bottom  of  the  bar,  the  turnings  being  taken  from  the  whole 
length  of  the  cylindrical  portions  of  the  test  pieces,  and  including  all  of 
the  meta-1  in  the  square  portion  of  the  bar  except  the  cylinder  in  the 
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center,  0.798  inch  iu  diameter,  gave  almost  precisely  the  same  results 
(43.37  copper,  56.37  tin,  and  43.36  copper,  56.40  tin),  showing  a  loss  of 
tin  of  more  than  4  per  cent.  A  piece  from  the  middle  of  the  bar  was 
then  analyzed,  the  whole  of  the  square  section  being  turned  into  chips. 
The  analysis  of  this  piece  gave  38.37  copper,  61.32  tin,  or  0.52  per  cen^. 
more  tin  than  the  original  mixture.  The  other  bar,  No.  19,  showed  the 
same  result.  The  original  mixture  was  34.95  copper,  65.05  tin,  and  the 
analyses  of  the  turnings  firom  the  outside  of  the  bar  at  top  and  bottom 
were  40.32  copper,  59.^  tin,  and  40.24  copper,  59.44  tin.  The  analysis 
of  a  piece  from  the  middle  of  the  bar  gave  34.22  copper,  65.80  tin. 

SPBOrPIO   GRAVITY. 

The  curve  of  specific  gravities  shows  a  certain  degree  of  regularity, 
indicating  that  the  densities  of  these  alloys  follow  a  definite  law. 

The  alloys  containing  less  than  25  per  cent,  of  tin  show  an  irregular 
variation  in  specific  gravity,  but  this  is  entirely  explained  by  the  fact  of 
the  porosity  of  the  metals,  and  that  the  determinations  were  made  on- 
large  pieces.  The  figures  obtained  are,  therefore,  to  be  considered  as 
the  densities  of  the  castings^  and  not  of  the  metals  themselves,  as  they 
might  be  determined  in  the  shape  of  fine  powder,  or  metal  perfectly  firee 
from  minute  cavities. 

The  densities  of  the  castings  are  much  lower  than  that  of  the  metal 
as  given  by  other  authorities,  and  this  fact  is  corroborated  by  the  deter- 
minations of  the  density  of  No.  6  A  (87.15  copper,  12.69  tin)  in  the  shape 
of  fine  turnings,  which  gave  the  figare  8.943,  and  of  turnings  of  ingot- 
copper^  which  gave  the  figure  8.874. 

It  will  be  noticed  that  those  bars  which  gave  less  strength  than  might 
be  exi)ected  from  their  compositions,  and  those  whose  resistances  to 
stress  are  rejected  from  the  table  of  averages,  also  had  lower  specific 
gravities  than  those  metals  of  nearly  similar  compositions  which  had 
greater  strength. 

From  the  comparison  of  the  strengths  of  the  bars  containing  less  than 
20  per  cent,  of  tin  with  their  densities,  it  is  apparent  that  the  strength 
and  density  are  in  a  certain  degree  dependent  upon  each  other;  that  is, 
that  the  greater  the  density  of  an  alloy  of  any  given  composition  con- 
taining less  than  20  per  cent,  of  tin  the  greater  the  strength.  This  has 
been  plainly  shown  in  experiments  by  several  authorities  on  gun-metal, 
which  uniformly  exhibits  an  increase  of  strength  with  increase  of  density. 

This  fact  will  also  account  for  the  much  lower  strength  of  the  alloy  of 
90  copper,  10  tin,  and  of  metals  of  nearly  similar  composition,  than  is 
given  by  some  authorities  as  the  strength  of  gun-metal.  It  must  be 
remembered  that  the  casting  of  small  bars,  such  as  have  been  used  in 
the  experiments  herein  described,  is  especially  unfavorable  to  the  pro- 
duction of  metal  of  great  density,  while  in  the  casting  of  guns  and  other 
large  masses  the  pressure  of  molten  metal  is  much  gi*eater,  and  all  con- 
ditions favor  the  increase  of  density. 

From  a  study  of  the  specific  gravities  of  aUoys  of  copper  and  tin  which 
have  been  published  by  other  authorities,  especially  Calvert  and  John- 
son, and  Eiche,  who  took  especial  precautions  to  obtain  the  densities  of 
the  compacted  metals,  and  comparing  them  with  the  figures  given  above 
for  ingot-copper  and  No.  6  A  in  turning,  it  appears  probable  that  the 
actual  specific  gravities  of  all  the  alloys  containing  less  than  25  per  cent, 
of  tin  do  not  greatly  vary  from  8.95,  and  that  the  specific  gravities  of 
castings  of  these  alloys  will  be  less  than  8.95  according  to  their  degrees 
of  porosity.    Eiche  gives  figures  showing  the  increase  of  density  of  sev- 
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eral  alloys  by  tempering  and  compression.  The  specific  gravity  of  an 
alloy  of  94  copper,  6  tin,  was  increased  from  8.541  to  8.939  by  repeated 
tempering  and  rolling. 

The  specific  gravity  of  pure  copper,  according  to  a  large  number  of 
authorities  quoted  in  *'  Coiisiants  of  Nature^^^  varies  from  8.360  to  8.958, 
electrolytic,  hammered,  rolled,  or  pressed  copper  giving  the  highest 
figures  and  those  which  probably  are  the  most  nearly  correct. 

The  specific  gravity  of  No.  6  A  as  before  stated  is  8.943,  and  those  of  all 
the  alloys  containing  between  25  and  38  per  cent,  of  tin,  which  alloys 
are  all  very  compact  and  homogeneous,  are  greater  that  8.9  (rea<5hing 
8.97  at  the  latter  percentage),  both  as  determined  in  these  experiments, 
and  as  determined  by  Calvert  and  Johnson.  These  results,  therefore, 
tend  to  confirm  the  above  statement  that  the  specific  gravities  of  all  the 
alloys  containing  less  than  25  per  cent,  of  tin  are  nearly  8.95,  and  that 
a  determination  which  gives  a  less  figure  reveals  the  porosity  of  the 
casting. 

The  specific  gravities  given  in  the  above  tables,  as  determined  from 
pieces  of  the  castings,  are  more  valuable  than  if  they  were  determined 
only  from  turnings,  for  the  reason  that  they  show  the  cause  of  imperfec- 
tions in  strength  and  other  qualities,  and  indicate  that  the  proper  method 
of  improving  the  strength  is  to  increase  the  density.  They  also  ind'cate 
that  the  lower  the  specific  gravity  of  one  of  these  alloys,  which  shows 
a  certain  definite  strength,  the  greater  increase  may  probably  be  given 
to  that  strength  by  any  means  which  will  cause  the  specific  gravity  to 
approach  the  figure  8.95. 

The  several  methods  of  increasing  the  specific  gravities  of  these  alloys 
and  thereby  increasing  their  strength  yet  remain  to  be  experimented 
upon.  It  is  well  known  that  rolling,  hammering,  or  pressing  the  porous 
and  ductile  metals  increases  the  density.  Casting  under  pressure  has 
the  same  effect,  as  shown  in  the  greater  density  of  the  bottom  of  a  heavy 
gun  casting  than  the  top  or  the  sinking  head,  and  in  a  still  more  marked 
degree  by  experiments  which  have  lately  been  made  of  casting  under 
very  heavy  hydraulic  pressure.  It  is  probable  also  that  temperature  of 
pouring  and  rate  of  cooling  have  an  important  infiuence  upon  the  den- 
sity, and  that  the  use  of  any  fiuxes  which  may  remove  occluded  gases 
from  the  molten  metals  will  be  likely  to  increase  it. 

The  maximum  density  of  the  series  is  given  by  the  alloy  No.  12  (62.31 
copper,  37.35  tin,  by  analysis),  the  original  mixture  of  which  corresponds 
to  the  formula  Sn  Cua,  and  it  is  nearly  approached  by  the  alloy  No. 
38  (62.42  copper,  37.48  tin).  The  figures  are  8.970  and  8.956  respectively. 
The  former  is  higher  than  is  given  by  any  authority  quoted  in  "  Constants 
of  Nature^^  for  any  alloy  of  copi>er  and  tin.  The  specific  gravity  of  the 
same  alloy,  according  to  Calvert  and  Johnson,  is  8.954.  Calvert  and 
Johnson's  maximum  figure  is  8.965,  which  was  obtained  with  the  alloy, 
Sn  Cus  (72.90  copper,  27.10  tin).  Bolley  states  that  a  large  clock  bell  at 
Eeichenhall,  six  hundred  years  old,  has  a  specific  gravity  of  9.1,  its  com- 
position being  76.20  copper,  23.80  tin.  This  figure  is  so  much  higher 
than  that  given  by  any  other  authority  that  it  may  be  considered 
doubtftd. 

Prom  the  alloy  No.  12  to  the  end  of  the  series,  or  to  pure  tin,  there  is 
almost  a  perfectly  regular  decrease  of  specific  gravity,  that  of  tin  being 
7.293,  which  figure  agrees  with  the  results  of  several  other  authorities. 
From  the  regularity  of  this  decrease  of  specific  gravity,  and  from  the  fact 
that  all  the  results  between  the  altoy  containing  62.31  copper,  37.35  tin, 
and  pore  tin  agree  closely  with  the  figures  given  by  other  authorities  for 
the  specific  gravities  of  the  same  alloys,  .as  is  plainly  shown  in  the  curves 
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of  comparison  of  authorities  (Plate  XII),  it  appears  that  these  alloys  are 
much  less  apt  to  vary  in  their  densities  than  those  containing  less  than 
25  per  cent,  of  tin,  and  that  they  have  but  little,  if  any,  porosity.  It  is 
therefore  probable  that  their  densities  will  not  greatly  vary  under  dif- 
ferent methods  of  casting  and  rates  of  cooling. 

It  has  been  observed  that  the  densities  of  the  alloys  containing  less 
than  20  per  cent,  of  tin  have  direct  relation  to  their  strengths,  the 
8trength  being  greater  as  the  density  is  greater.  This  does  not  appear 
to  be  the  case  with  the  alloys  containing  more  tin  than  the  alloy  of 
maximum  density,  and  in  these  alloys  there  is  a  regular  decrease  of 
density,  but  a  great  irregularity  in  strength.  It  has  also  been  noticed 
that  different  portions  of  the  same  bar  vary  considerably  in  strength, 
but  have  almost  exactly  the  same  density.  The  variations  in  strength, 
as  before  stated,  seem  to  depend  upon  the  rate  of  cooling,  and  possibly 
upon  differences  of  pressure,  causes  which  apparently  have  an  important 
influence  upon  the  crystallization,  but  not  upon  the  density. 

COMPARISON  OF  RESISTANCES. 

By  inspection  of  the  curves  of  comparison  of  strength  by  transverse, 
tensile,  torsional,  and  compressive  stresses  (Plate  VII),  it  will  be  seen 
that  the  curves  of  tensile  and  torsional  strengths  agree  very  closely,  the 
torsional  curves  being  laid  down  to  such  a  scale  that  one  foot>pound  of 
torsional  moment  is  equivalent  to  200  pounds  of  tensile  strength.  The 
curve  of  transverse  strength  is  similar  to  those  of  tension  and  torsion 
(the  scale  being  such  that  one  pound  modulus  of  rupture  corresponds  to 
one  pound  tensile  strength),  but  the  ordinates  of  the  points  of  the  curve 
representing  most  of  the  alloys  are  much  greater  than  in  the  two  latter 
curves. 

The  curve  of  compressive  strength  is  very  unlike  either  of  the  other 
curves.  Being  laid  down  to  the  same  scale  as  that  of  tensile  strength 
the  ordinates  of  the  carve  are  all  much  higher,  showing  that  the  com- 
pressive strengths  per  square  inch  of  all  the  copper-tin  alloys  are  much 
greater  than  their  tensile  strengths.  The  maximum  compressive 
strength  is  reached  by  one  of  the  brittle  alloys,  the  tensile  strength  of 
which  was  not  far  from  the  minimum. 

It  appears,  therefore,  that  the  tensile  and  compressive  strengths  of 
the  alloys  are  in  no  way  related  to  each  other;  that  the  torsional  strength 
is  closely  proportional  to  the  tensile  strength,  and  that  the  transverse 
strength  may  depend,  in  some  degree,  upon  the  compressive  strength, 
as  is  indicated  by  the  approach  of  some  portions  of  the  transverse  curve 
to  the  compression  curve,  but  it  is  much  more  nearly  related  to  the  ten- 
sile strength,  as  is  shown  by  the  general  correspondence  of  the  curve  of 
transverse  with  that  of  tensile  strength.  The  modulus  of  rupture,  as 
obtained  by  the  transverse  tests,  is  in  general  a  figure  between  those  of 
tensile  and  compressive  strengths  per  square  inch,  but  there  are  a  few 
exceptions  in  which  it  is  larger  than  either. 

From  the  curves  of  transverse,  tensile,  and  torsional  strengths  it  is 
seen  that  the  strengths  of  the  alloys  at  the  copper  end  of  the  series  in- 
crease rapidly  with  the  addition  of  tin,  till  about  4  per  cent,  of  tin  is 
reached.  The  transverse  strength  continues  regularly  to  increase  to  the 
maximum,  till  the  alloy  containing  about  17^  per  cent,  of  tin  is  reached, 
while  the  tensile  and  torsional  strengths  also  increase,  but  very  irregu- 
larly, to  this  same  point.  As  this  irregularity  corresponds  to  the  irregu- 
larity in  the  same  portion  of  the  curve  of  specific  gravities,  it  is  probably 
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due  to  porosity  of  the  metal,  and  might  possibly  be  removed  by  any 
means  which  woald  make  the  castings  more  compaet. 

Tlie  maximum  point  of  the  three  curves  is  reached  at  the  same  point, 
viz,  at  the  alloy  containing  82.70copper,  17.34  tin,  the  transverse  strength, 
however,  being  very  much  greater  at  this  point  than  the  tensile  or  tor- 
sional strength. 

From  the  point  of  maximum  strength  the  three  curves  drop  very  rap- 
idly to  the  alloys  containing  about  27.5  per  cent,  of  tin,  and  theu  more 
slowly  to  37.6  per  cent.,  at  which  point  the  minimum  or  nearly  the  mini- 
mum strength  of  tin,  by  all  three  methods  of  test,  is  reached. "  The  com- 
pression curve  reaches  its  maximum  between  these  points.  The  alloys' 
of  minimum  strength  are  found  from  3.75  per  cent,  tin  to  52.5  per  cent^ 
tin:  the  observations  being  somewhat  irregular  between  these  points, 
making  it  difficult  to  state  the  exact  minimum  points  of  the  curve,  but 
all  agreeing  in  showing  great  weakness.  The  absolute  minimum  is  prob- 
ably about  45  per  cent,  of  tin. 

Prom  52.5  per  cent,  of  tin  to  about  77.5  per  cent,  tin  there  is  a  rather 
slow  and  irregular  increase  in  strength  to  the  point  which  has  been  called 
the  second  maximum,  the  curve  of  transverse  strength  at  this  point,  as 
at  the  first  maximum,  rising  much  higher  than  the  other  two  curves.  The 
former,  also,  does  not  reach  its  second  maximum  at  the  same  point  as  the 
two  latter,  but  this  may  be  accidental. 

From  77.6  per  cent,  tin  to  the  end  of  the  series,  or  all  tin,  the  strengths 
slowly  and  somewhat  irregularly  decrease,  the  second  minimum  being 
reached  at  the  end  of  the  curve.  It  will  be  noticed  that  the  irregularity  of 
the  torsional  curve  is  much  less  than  those  of  the  other  curves,  which  is 
probably  due  to  the  fact  that  in  the  torsional  tests  the  time  occui)ied  io 
making  the  tests  was  very  uniform,  and  also  that  the  torsional  curve  is 
made  from  the  average  results  of  usually  four  tests  of  each  bar,  while 
the  tensile  tests  were  but  two  in  number  from  each  bar,  and  the  trans- 
verse test  but  one. 

One  of  the  most  important  facts  to  be  learned  from  the  curves  is  that 
all  the  alloys  containing  more  than  25  percent,  tin  are  practically  worth- 
less for  all  purposes  where  strength  is  required,  the  average  strength  of 
these  alloys  being  only  about  one-sixth  of  the  average  of  those  contain- 
ing less  than  25  per  cent,  of  tin. 

COMPARISON  OF  DUCTILITY. 

The  ductility  of  the  alloys  is  shown  by  the  plate  (No.  IX)  of  curves  of 
ductility  by  transverse,  tensile,  and  torsional  stresses.  These  three 
curves  agree  in  showing  that  the  ductility  follows  a  very  regular  law, 
depending  upon  the  composition. 

The  ductility  in  the  tensile  tests  was  determined  by  direct  observations 
of  the  elongations  of  the  pieces  under  tension.  In  the  cases  of  the  brittle 
alloys  these  elongations  were  such  very  small  quantities  that  they  could 
not  be  measured,  and  the  curve,  therefore,  touches  the  axis  of  abscissas. 

The  ductility  in  the  transverse  tests  was  determined  by  the  final  de- 
flections before  breaking,  and  as  this  was  always  an  appreciable  quantity 
even  with  the  brittle  alloys,  the  curve  is  easily  laid  down,  except  in  cases 
in  which  the  bar  bent  without  breaking.  The  curve,  therefore,  cuts  the 
top  of  the  plate  in  two  points,  thus  indicating  that  the  ductility  by  trans- 
verse stress  without  those  points  is  indeterminate  but  very  great. 

The  ductility  by  torsional  tests  is  determined  from  the  extension  of 
the  exterior  fiber  or  line  of  particles  in  a  torsion-piece  one  inch  long,  in 
parts  of  an  inch,  which  is  calculated  from  the  angle  of  torsion  given  by 
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the  autographic  strain  diagram.  This  gives  a  correct  comparison  of  the 
relative  ductility  of  all  the  pieces  tested,  whether  very  brittle  or  very 
<iuctile,  and  the  comparative  ductility  is  given  in  the  figures  in  the  table 
of  summary  of  results.  The  maximum  angle  of  torsion  given  in  the  sum- 
mary ivS  556.75  degrees,  which  corresponds  to  an  extension  of  2.1975 
inches  of  a  line  of  particles,  originally  one  inch  long,  on  a  cylinder  f 
inch  in  diameter,  on  the  supposition  that  the  diameter  and  length  of 
the  cylinder  while  being  twisted  remained  unchanged.  The  minimum 
angle  of  torsion  is  0.4  degree,  which  corresponds  to  an  extension  of 
only  0.000006  inch.  The  ductility  of  pure  tin  being  therefore  more  than 
200,000  times  that  of  the  most  brittle  alloy,  they  cannot  both  be  repre- 
sented in  a  curve  drawn  on  the  same  scale,  except  when  the  lower  por- 
tion of  the  curve  practically  coincides  with  the  bottom  line  of  the  plate. 
The  curve  is  therefore  drawn  so  as  to  make  it  coincide  with  the  curve  of 
ductility  by  tensile  tests. 

Beferring  to  the  three  curves,  it  will  be  seen  that  the  alloys  contain- 
ing less  than  12.5  per  cent,  of  tin,  and  more  than  87.5  per  cent,  of  tin, 
are  so  ductile  that  bars  of  22  inches  in  length  bend  to  a  deflection  of  more 
than  3^  inches  without  breaking,  and  their  comparative  ductility  is  not, 
therefore,  determined  by  this  method  of  test.  Bar  No.  1,  all  copper,  is 
an  exception,  but  it  was  considered  to  be  a  defective  bar.  Bar  No.  30,  all 
copper,  bent  without  breaking. 

The  comparative  ductility  of  these  alloys  is  plainly  shown  by  the 
curves  obtained  from  tensile  and  torsional  tests.  From  both  curves  it 
appears  that,  beginning  at  pure  copper,  the  ductility  increases  slightly 
with  the  addition  of  tin  till  from  2  to  4  per  cent.,  between  which  limits 
the  maximum  ductility  of  the  stronger  alloys  is  reached.  From  this 
point  there  is  a  regular  curve  of  decrease  of  ductility  to  25  per  cent, 
tin,  at  which  point  it  becomes  so  small  that  both  curves  apparently 
touch  the  base  line.  The  record  of  comparative  ductility  by  tension  is 
then  entirely  lost  up  to  the  alloy  containing  75  per  cent,  tin,  while  that 
by  torsion  is  lost  in  the  curve,  but  can  be  traced  from  the  figures  in  the 
table  of  summary  of  results.  From  these  figures  it  is  seen  that  the 
minimum  ductility  is  reached  at  from  37.5  to  47.5  per  cent,  tin,  which 
corresponds  nearly  to  the  minimum  point  of  strength. 

The  curve  of  ductility  by  transverse  strength,  commencing  at  about 
12.5  per  cent,  tin,  shows  a  regular  curvature  tending  toward  the  bot- 
tom of  the  plate,  to  about  35  per  cent,  tin,  and  from  that  point  to  55  per 
cent,  tin  it  is  nearly  horizontal,  indicating  a  minimum  at  45  per  cent., 
thus  agreeing  with  the  result  obtained  from  the  torsional  tests.  From 
55  per  cent,  tin  there  is  a  very  regular  curve  upward  to  87.5  per  cent, 
tin,  at  which  point  the  transverse  curve  is  lost  in  consequence  of  the 
bars  bending  without  breaking. 

The  curves  of  tensile  and  torsional  ductility  appear  to  rise  from  the 
bottom  line  at  about  75  per  cent,  tin,  and  from  that  i)oint  to  the  end,  or 
pure  tin,  there  is  a  very  regular  increase,  the  regularity  being  much 
greater  in  the  tests  by  torsion  than  in  those  by  tension. 

TOTAL  RESILIENCE. 

The  resilience  or  amount  of  work  done  in  breaking  each  of  the  alloys 
is  shown  by  the  figures  in  the  table  of  summary  of  results  under  head- 
ings of  transverse  and  torsional  tests,  and  by  the  curves  plotted  from 
these  figures. 

The  work  done  in  breaking  any  specimen  is  measured  in  the  same 
manner  as  mechanical  work  of  any  kind,  that  is,  by  the  product  of  a 
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resistance  into  the  distance  throagh  which  the  resistance  acts.  When 
the  resistance  is  variable  the  work  is  the  product  of  the  mean  resistance 
into  that  distance. 

The  work  done  in  breaking  a  piece  of  metal  by  tensile  stress  is  eqnal 
to  the  mean  resistance  multiplied  by  the  total  elongation ;  by  transverse 
stress  it  is  the  mean  resistance  multiplied  by  the  total  deflection,  and  by 
torsional  stress  it  is  the  mean  resistance  of  the  specimen  as  measured  by 
the  mean  ordinate  of  the  autographic  strain  diagram,  ex])ressedin  foot- 
pounds of  torsional  moment,  or  pounds  acting  at  the  radius  of  one  foot 
multiplied  by  the  distance  through  which  this  moment  is  exerted  as 
measured  by  the  total  abscissa  of  the  diagram  and  reduced  to  feet  trav- 
ersed by  the  resistance. 

The  resilience  under  transverse  stress  has  been  calculated  from  the 
curves  of  deflections  by  transverse  stress  (Plates  XVI,  XYII).  the  area  of 
the  curve  being  directly  proportional  to  the  resilience,  the  ordinates  rep- 
resenting resistances  and  the  abscissas  deflections.  The  results  as  given 
in  the  tables  are  reduced  to  foot-pounds  of  work.  In  the  cases  of  the 
bars  which  bent  to  a  deflection  of  more  than  3^  inches  without  breaking, 
the  total  resilience  within  the  breaking  point  could  net  be  determined, 
and  the  resilience  within  the  breaking  point  could  not  be  determined, 
and  the  resilience  within  the  limit  of  3^  inches  deflection  has  been  taken 
instead. 

The  torsional  resilience  has  been  calculated  from  the  area  of  the  auto- 
graphic strain  diagram  in  the  manner  above  stated,  the  total  resilience 
up  to  the  breaking  point  being  taken  in  each  case  and  reduced  to  foot- 
pounds of  work. 

The  resilience  under  tensile  stress  has  not  been  determined,  since  the 
elongations  of  all  the  brittle  pieces  were  not  measured,  and  those  of  many 
of  the  ductile  pieces  were  not  determined  with  the  same  accuracy  which 
characterized  the  transverse  and  torsional  tests. 

Beferring  to  the  plate  of  curves  of  resiliences  (Plate  X)  it  will  be  seen 
that  the  resilience  bears  a  very  close  relation  to  the  ductUity,  the  curves 
of  the  two  properties  being  nearly  similar,  except  in  those  portions  of 
the  curves  representing  the  ductile  alloys,  which  bent  without  breaking 
under  transverse  stress,  and  of  which  the  transverse  resilience  is  taken 
only  within  a  deflection  of  3^  inches,  while  the  torsional  resilience  is 
taken  to  the  point  of  rupture. 

The  maximum  torsional  resilience  is  given  by  bar  No.  3  (96.06  copper, 
3.76  tin),  which  was  one  of  the  most  ductile  of  the  stronger  alloys.  No. 
33  (88.40  copper,  11.59  tin)  gave  the  maximum  transverse  resilience 
within  the  deflection  of  3^  inches,  on  account  of  its  being  the  strongest 
alloy  which  reached  that  deflection  without  breaking,  but  its  total  resil- 
ience is  much  less  than  those  of  the  more  ductile  bars,  which  bent  with- 
out breaking  to  deflections  of  more  than  8  inches. 

From  the  bar  which  gave  the  maximum  total  resilience  of  599.96  foot- 
pounds there  is  a  rapid  decrease  to  No.  8  (76.64  copper,  23.24  tin),  which 
had  a  resilience  of  only  3.72  footpounds.  From  No.  8  to  No.  20  (35.85 
copper.  73.80  tin)  all  of  the  bars,  with  one  exception,  show  total  resil- 
iences Dy  torsion  of  less  than  one  foot-pound  each,  the  minimum  being 
only  0.08  foot-pounds,  or  only  about  ^sW  P^rt  of  the  maximum.  These 
resiliences  being  so  small  compared  with  the  maximum,  the  curve  of 
resiliences  (Plate  III)  between  these  points  approaches  the  bottom  line 
of  the  plate  so  closely  that  it  apparently  coincides  with  it.  The  figures 
for  transverse  resilience  agree  quite  closely  with  those  of  torsional  resil- 
ience between  these  points. 

From  bar  No.  20  to  No.  28  (0.32  copper,  99.46  tin)  there  is  a  gradual  in- 
crease of  tlie  total  resilieiieos  to  125.01)  foot  pounds,  which  is  the  "  second 
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maximmn"  point  of  the  curve.  The  bar  of  pure  tin  shows  a  somewhat 
less  resilience,  on  account  of  its  less  strength,  than  Ko.  28,  although  it 
possessed  a  slightly  greater  ductility.  The  second  maximum  resilience 
by  transverse  stress  within  a  deflection  of  3J  inches  is  reached  by  No.  24 
(11.49  copper,  88.47  tin),  on  account  of  its  having  the  greatest  strength 
of  the  bars  containing  a  large  amount  of  tin  which  bent  without  break- 
ing. The  transverse  resiliences  (within  the  deflection  of  3^  inches)  de- 
crease to  1^0.  29  (aU  tin),  on  account  of  the  decrease  of  strength,  while 
the  total  resiliences  increase  on  account  of  the  rapid  increase  of  duc- 
tility. 

LIMIT  OF  ELASTICITY. 

The  limit  of  elasticity  has  be^i  defined  as  the  point  at  which  the  dis- 
torsion  (either  by  tension,  torsion,  compression,  or  transverse  stress)  be- 
gins to  increase  in  a  greater  ratio  than  the  force  which  causes  the  dis- 
tortion. It  corresponds  nearly  with  the  point  of  first  appreciable  set, 
or  permanent  distortion.  In  the  plotted  curves  of  deflections  and  elon- 
gations and  in  the  autographic  diagrams  of  torsional  stress  it  is  the  point 
at  which  the  curve  begins  (usually  suddenly)  to  change  its  direction 
and  deflect  towards  the  horizontal. 

The  plate  of  curves  in  which  comparison  is  made  of  the  transverse, 
torsional,  and  tensile  strengths,  also  contains  curves  showing  the  limit 
of  elasticity  under  each  of  the  three  kinds  of  tests.  These  have  been 
plotted  from  the  figures  given  in  the  tables  of  tests  by  tensile,  trans- 
verse, and  torsional  stresses  under  each  series.  In  the  table  of  general 
summary  of  results  (Table  XIII)  the  elastic  limits  are  represented  for 
more  convenient  comparison  by  parts  of  the  totaJ  strengths. 

It  will  be  seen  that  there  is  a  similarity  in  the  curves  of  limits  of  elas- 
ticity obtained  from  the  three  kinds  of  tests,  and  that  they  coincide  with 
the  curves  of  strength  in  the  middle  portion  or  that  portion  of  the  series 
containing  the  brittle  alloys,  and  fall  beneath  them  at  the  ends,  the 
figures  in  the  table  of  summary  of  results  showing  the  elastic  limit  to  be 
106  per  cent,  of  the  total  strength,  and  that  of  the  more  ductile  alloys 
to  be  in  some  cases  as  small  as  20  per  cent,  of  the  total  strength,  and  to 
increase  with  the  decrease  of  ductility. 

There  is  a  considerable  di£Eerence  between  the  figures  representing 
the  ratios  of  elastic  limit  to  total  strength  of  the  ductile  alloys  as  deter- 
mined by  the  various  methods  of  tests.  In  general  the  ratios  obtained 
by  the  tensQe  tests  is  higher  than  that  obtained  by  either  the  transverse 
or  torsional  tests,  and  the  two  latter  more  nearly  agree. 

Beferring  to  the  curves  and  to  the  figures  giving  the  ratios  of  elastic 
limit  to  breaking  load,  it  is  seen  that  in  the  stronger  alloys,  those  con- 
taining less  than  17.5  per  cent,  of  tin,  the  elastic  limit  under  tensile 
stress  is  reached  at  from  50  to  68  per  cent,  of  the  breaking  load,  and 
under  transverse  and  torsional  stress  at  about  35  to  45  per  cent.  As 
.  the  percentage  of  tin  is  increased  beyond  17.5  per  cent.,  the  ratio  of 
elastic  limit  to  ultimate  strength  is  increased,  the  alloy  I^o.  8  (76.64 
copper,  23.24  tin)  giving  results  which  showed  the  ratio  to  be  100  per 
cent.,  or  that  the  elastic  limit  was  not  reached  till  fracture  took  place. 
The  same  result  is  given  by  all  the  alloys  from  No.  8  to  No.  21  (38.37 
copper,  61.32  tin).  From  No.  21  to  pure  tin,  the  elastic  limit  is  reached 
before  fracture,  by  transverse  and  torsional  tests.  In  the  tensile  tests 
of  the  alloys  containing  between  62.5  and  82.5  [per  cent,  of  tin  the  posi- 
tion of  the  elastic  limit  is  doubtful,  but  it  is  probable  it  was  either  not 
reached  or  only  just  reached  before  fracture  took  place.    In  these  alloys 
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the  ratios  of  elastic  limit  to  ultimate  strength  appear  much  higher  in . 
tests  by  torsional  than  by  transverse  stress.  The  ductile  alloys  contain- 
ing large  percentages  of  tin  give  ratios  under  torsional  stress  which 
gradually  decrease  as  th.e  percentage  of  tin  increases,  the  decrease  being 
nearly  regular  from  98.5  per  cent,  to  45.3  per  cent,  between  the  alloy  of 
27.5  copper,  72.5  tin,  and  pure  tin.  In  the  transverse  tests  the  ratio  is 
much  more  nearly  constant,  varying  somewhat  irregularly  between  the 
same  compositions  from  43.8  to  27.3  per  cent. 

MODULI  OF  ELASTICITY. 

The  moduli  of  elasticity  were  calculated  from  the  deflections  observed 
in  the  transverse  tests.  In  the  tables  of  the  tests  of  each  bar  a  large 
number  of  moduli  of  elasticity  have  been  calculated  for  each  test  to  show 
the  change  of  this  modulus  at  different  parts  of  the  test  both  within  and 
beyond  the  elastic  limit.  In  the  summary  of  results  by  transverse  tests, 
and  in  the  table  of  general  summary  of  results  (Tables  II,  YUI,  and 
Xni),  the  figures  given  are  considered  to  be  the  most  probable  modu- 
lus of  each  bar  within  the  elastic  limit  where  the  deflections  are  propor- 
tioned to  the  applied  loads.  The  curve  (Plate  XI)  has  been  plotted  from 
these  figures.  The  figures  and  the  curve  show  a  great  irregularity,  but 
not  greater  than  might  be  expected  from  metals  of  different  composi- 
tions, when  it  is  remembered  that  the  modulus  of  elasticity  of  a  single 
metal,  wrought  iron,  has  been  found  by  various  experiments  to  vary 
from  18,000,000  to  40,000,000. 

Eeferring  to  the  figures  of  moduli  in  the  table  of  summaries  (Table 
XIII)  and  to  the  curve  plotted  from  them,  it  is  seen  that  in  the  alloy 
containing  less  than  24  per  cent,  of  tin,  which  includes  all  the  stronger 
and  more  valuable  alloys  of  the  eleven  figures  of  moduli  of  elasticity 
which  are  considered  reliable  observations,  nine  of  them  are  between 
13,300,000  and  15,000,000,  the  other  two  being  10,203,205,  and  12,472,655. 
These  figures  sufficiently  establish  the  moduli  of  elasticity  by  transverse 
stress  of  these  alloys  to  be,  as  shown  by  the  curve,  about  14,000,000. 

From  25  per  cent,  to  35  per  cent,  tin  the  modulus  seems  to  be  some- 
what greater,  the  four  observations  next  after  those  above  mentioned 
varying  from  14,896,691  to  16,387,041.  From  35  to  75  per  cent  there  is  a 
very  great  irregularity.  This  corresponds  to  the  irregularity  in  strength 
and  other  properties  as  shown  by  all  the  tests,  but  is  a  much  greater 
irregularity  than  of  any  other  property.  No.  11  (65.34  copper,  34.47  tin) 
gives  a  modulus  of  over  19,000,000,  wbile  No.  12  (62.31  copper,  37.35  tin) 
gives  less  than  half  as  much.  The  latter,  it  wil^  be  remembered,  was 
the  alloy  of  greatest  density.  The  two  facts  may  in  some  way  be  con- 
nected. Bar  No.  14  (original  mixture,  51.8  copper,  48.2  tin)  gives  a 
modulus  of  only  5,174,546.  This  bar  showed  a  very  great  degree  of 
liquation,  but  its  low  modulus  may  be  partially  due  to  the  fact  of  the 
bar  being  shorter  than  the  standard  length  of  22  inches  between  sup- 
ports. The  figure  was  therefore  rejected  as  unreliable,  as  were  also 
those  of  all  the  short  bars.  It  is  remarkable  that  the  other  bar  which 
showed  very  great  liquation.  No.  17  (original  mixture,  41.74  copper, 
58.26  tin),  should  give  a  modulus  of  over  23,000,000,  the  highest  figure 
given  by  any  alloy  in  either  series. 

From  the  alloys  containing  70  per  cent,  tin  to  pure  tin  the  moduli 
again  become  a  little  more  regular,  but  still  varying  between  11,520,262 
and  6,771,517,  the  tendency  being  to  decrease  as  the  tin  increases.  Of 
the  eleven  figures  of  moduli  of  the  alloys  containing  more  than  80  per 
cent,  tin,  including  the  bar  of  pure  tin,  nine  give  moduli  between  6,700,000 
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snd  8,000,000,  the  otber  two  being  8,613,200  and  10,403,101,  Oma  tending 
to  establieh  the  modulus  of  these  alloys  at  about  7,500,000  to  8,000,000, 
or  a  little  more  than  half  that  of  the  stronger  alloys  containing  less  than 
20  per  cent,  of  tin, 

EXTBA  BASS  OF  OOPPEB  AND  TIN. 

Daring  the  progress  of  the  experiments  which  have  been  described, 
a  number  of  bars  of  copper  were  made  in  the  ingot-mold  for  the  pnrpose 
of  being  broken  into  small  pieces  to  facilitate  the  weighing  of  the  mix- 
tures for  the  alloys.  Several  of  these  bars  were  tested  by  tranverse, 
tensile,  torsional,  and  compressive  stresses  for  the  purpose  of  comparing 
them  with  the  one  selected  as  a  standard.  The  records  of  all  these  tests 
are  appeuded  after  the  records  of  the  tests  of  the  alloys.  The  foUowing 
tables  give  a  summary  of  the  results,  including  those  of  bars  No.  1  and 
No.  30,  which  have  already  been  given. 

In  addition  to  these,  a  test  was  made  of  an  extra  bar  of  Queensland 
tdn,  the  record  of  which  is  also  given.  The  ingot  tin  &om  whioh  this  bar 
was  cast  was  furnished  to  the  writer  by  Hon.  Angus  Mackay,  comiuis- 
sioner  Aom  Queensland,  Australia,  to  the  Centennial  Exhibition  at  Phila- 
delphia^ and  was  part  of  the  Queensland  exhibit.  In  the  summary,  its 
record  is  compared  with  that  of  the  Bauca  tin,  bar  No.  29. 

SUMMARY  OF  KE8ULT8  OF  TESTS  OF  BAE8  OF  COPPEE  AND  TIN. 
TABLE  XIV.— TRAN8VEKSK  TESTS. 
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TABLE  XV.— TEUSILE  TESTS. 
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1  B 

Mean 

80  A 

SOB 
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61 A 
51  B 
Mean 

62  A 
62  B 
Mean 
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67  A 
67  B 
Mean 
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28A 
39B 
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MateriaL 


L.  S.  copper 
do 


L.  S.  copper 
do 


L.  S.  copper 
do 


L.  S.  copper 
do 
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TABLE  XVL—TORSIONAL  TESTS. 
Averages  qf  the  ReeuUs  etUeuiatedfrem  the  Autographie  Strain  IHagfwoks, 
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Table  xvu. — Average  results  of  tests  of  copper,  rejecting  those  marked 

defective,  and  average  of  all  tests  of  tin. 
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Table  xvni. — Analyses  of  turnings  from  four  bars  of  copper. 


Metallic  sflver '       0.036 

Metallic  ii-on '       0.020 

Metallic  zinc 0.014 

Metallic  lead Trace . . . 

Metallic bismnth ,  None  ... 

Metallic  arsenic " None  .  .. 

Metallic  antimony '  None  ... 

Saboxkle  of  copper i      12. 086 

Metall io  copper |      87. 900 

Insolnble  matter | 

Carbon '  None  .  . 
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Table  xix.— Analysis  of  "Queensland  tin." 


Per  cent. 

Lead 0.165 

Iron 0.035 

Manganese 0.006 

Arsenic trace. 

Copper none. 

Zinc " 


Per  cent. 

Antimony none. 

Bismuth " 

Nickel " 

Cobalt " 

Tungsten " 

Molybdenum 


(( 


It  will  be  observed  that  there  is  a  very  considerable  difference  both  in 
strength  and  ductility  of  the  several  bars  which  were  cast  from  the  same 
metal,  and  under  nearly  the  same  conditions.  The  causes  of  this  diflfer- 
ence  have  not  been  ascertained,  as  the  bars  were  merely  cast  incidentally 
during  the  mixing  of  the  alloys,  and  no  attempt  was  made  to  learn  ex- 
actly the  conditions  under  which  each  casting  was  made.  A  special 
investigation  would  be  needed  before  it  could  be  definitely  asserted 
what  was  the  cause  of  the  good  or  the  bad  qualities  of  any  particular 
bar,  or  how  the  defects  of  any  of  them  might  be  remedied. 

The  analysis  of  bars  !N^o.  1,  No.  30,  No.  53,  and  No.  57  show  that  the 
brittleness  is  an  accompaniment  of  a  large  percentage  of  suboxide  of 
copper  in  the  bar,  the  presence  of  which  is  probably  the  proximate  cause 
of  the  brittleness.  The  analysis  of  No.  1  showed  it  to  contain  12.080 
per  cent,  suboxide  of  copper;  No.  30,  3.680  per  cent.;  No.  63,  6.730  per 
cent;  and  No.  57, 1.620  per  cent. 

No.  1  and  No.  63  broke  under  transverse  stress,  the  former  with  a  de- 
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flection  of  2.306  inches,  the  latter  with  1.38  inches.  All  the  others  bent 
without  breaking.  Ko.  1  was  recast  several  times,  which  might  have 
been  the  cause  of  its  being  defective,  but  No.  63  was  nearly  as  defective, 
while  it  was  cast  only  once.  Xo.  53  and  No.  54  were  cast  at  the  same 
time,  the  former  being  at  the  higher  temperature,  as  judged  by  the 
founder  from  its  ai>pearance  when  poured.  No.  55  and  No.  50  were  cast 
subsequently,  and  their  relative  temperatures  were  determined  in  the 
manner  desciibed  in  treating  of  the  casting  of  the  second  series  of  the 
alloys,  viz,  by  pouring  a  portion  of  the  molten  metal  into  water  and 
noting  the  rise  of  temperature  of  a  given  weight  of  water  and  the  weight 
of  metal  poured.    The  following  are  the  data  of  these  temperature  tests : 


I 
I  I 

Vn  '  Weight  of  ,  Weight  of 
-""'!     water.     I     metal. 


Temperature  of  water. 


Initial. 


Final.      '  Iiicreaae.   | 


j  '  Calcolated  relative  tem- 

'  Awnmed  :  perature. 

I     speciflo     ' 

iieat. 


Fahrenheit.  Centigrade. 


55 
56 


Qramtnea. 
5445.6 
5445.6 


OrammeM.  ,  Deg.  Fahr.  i  Deg.  Fahr.    Dtg,  Fahr. 
579.6      1  46  79  33 

825.6  51i  73^  22 


0.  09515 
0.  09515 


Degreet. 
4145. 93 
4927. 01 


Deareet. 

ISl'S.  26 
2175. 56 


No.  56  was  8ui)po8ed  to  have  been  ca«t  at  least  as  hot  as  No.  53,  but 
the  test  showed  the  former  to  be  a  very  good  bar,  while  the  latter  wa*^ 
a  very  bad  one.  The  difference  in  temperatures  of  casting,  therefore, 
does  not  seem  sufficient  to  explain  the  difference  in  properties  of  the 
casting. 

No.  30  was  cast  at  an  extremely  high  temperature,  much  higher  than 
either  of  the  other  bars,  being  of  a  dazzling  white  heat.  On  pouring  a 
small  portion  into  water  in  attempting  to  obtain  the  relative  tempera- 
ture, a  severe  explosion  took  place,  and  this  was  repeated  every  time 
that  even  a  small  drop  of  the  molten  metal  touched  the  water.  The 
cold  ingot  mold  was  then  fille<l  with  this  very  hot  metal.  After  the 
metal  remaining  in  the  crucible  had  stood  for  several  minutes  and  had 
cooled  considerably,  it  could  be  poured  into  water  without  causing  the 
slightest  explosion. 

It  might  be  supposed  that  the  result  of  this  casting  at  a  very  high 
temperature  would  be  to  make  bar  No.  30  a  bad  bar,  as  this  seems  to  be 
indicated  by  bars  No.  53  and  No.  54,  and  also  by  the  experiments  of 
Major  Wade  on  gun-metal.  The  result,  however,  showed  the  contrary, 
as  it  proved  to  be  equal  to  any  of  the  bars  which  were  cast. 

No.  57  was  cast  apparently  at  a  medium  temperature,  much  lower  than 
No.  30,  but  it  is  not  known  how  its  temperature  compared  with  that  of 
others.    The  test  showed  it  to  be  nearly  as  good  a  bar  as  No.  30. 

The  tensile  and  torsional  tests  indicate  the  qualities  of  the  different 
bars  even  more  plainly  than  the  transverse  tests.  The  tables  explain 
themselves  sufficiently. 

It  will  be  observed  that  the  tensile  tests  show  a  much  greater  differ- 
ence between  the  bars  than  do  the  transverse.  The  reason  of  this  is,  no 
doubt,  that  the  tensile  test  piece  always  breaks  at  its  weakest  section, 
no  one  part  of  the  cylindrical  portion  of  the  piece  being  subjected  to  a 
greater  stress  than  the  others,  while  in  the  transverse  test  the  middle 
section  is  the  dangerous  section,  or  position  of  maximum  strain,  and 
the  bar  will  usually  break  in  the  middle,  although  other  portions  may 
be  weaker.  In  defective  bars,  therefore,  the  tensile  test  usually  reveals 
the  defects  more  plainly  than  the  transverse  test,  especially  if  these  de- 
fects are  unevenlv  distributed. 
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The  caase  and  method  of  prevention  of  the  defects  in  cast  copper  yet 
remain  to  be  investigated. 

The  bar  of  Qneensland  tin  proved  to  be  a  very  good  bar,  showing  a 
somewhat  greater  strength  by  transverse  and  torsional  tests  than  the 
bar  of  Banca  tin,  but  a  less  strength  by  tension.  The  transverse 
strength  is  probably  higher  both  on  account  of  the  different  methods  of 
test,  the  bar  of  Banca  tin  being  tested  by  dead  loads  and  that  of  Queens- 
land tin  by  the  platform-scale  apparatus,  and  on  account  of  a  flaw  in 
the  middle  of  the  Banca-tin  bar. 

The  effect  of  slow  and  rapid  test  is  shown  by  both  bars  in  the  tensile  test. 
The  average  tenacity  of  all  the  pieces  tested  is  given  as  3,130  pounds  per 
square  inch,  but  it  is  probable  that  all  the  pieces  would  have  broken  at 
as  low  ^s  2,000  pounds  if  the  test  had  been  of  long  duration,  say  one 
hour,  or  as  high  as  4,000  pounds  if  each  test  had  been  made  in,  say,  five 
minutes. 

The  effect  of  time  is  also  shown  in  the  autographic  strain  diagrams 
and  in  the  records  calculated  from  them. 

The  Queensland  tin  showed  an  extraordinary  ductility  in  the  torsional 
tests,  one  of  the  pieces  twisting  through  an  angle  of  818  degrees,  or  more 
than  2^  turns  before  breaking.  This  represents  an  elongation  of  a  line 
of  particles  parallel  to  the  axis  on  the  surface  of  the  cylindrical  portion 
of  the  test-piece  from  one  inch  to  4.67  inches. 

COMPARISON  OP  AUTHOBITIBS. 

The  following  table  gives  a  list  of  about  140  different  alloys  of  copper 
and  tin,  including  all  those  which  have  been  described  in  this  report, 
together  with  a  large  number  collated  from  standard  authorities,  giving 
some  of  their  mechanical  and  physical  properties.  The  results  obtained 
by  experimenters,  whose  investigations  were  sufficiently  complete  to 
allow  of  such  a  comparison,  are  shown  graphically  in  Plates  XII,  XIII, 
XIV,  XV. 

LIST  OP  AUTHOBITIBS. 

Abbreviations. 


B.— BoUey.    EstaU  et  Beeherchet  Chimiques,  Paris,  1869,  pp.  345, 348. 
Cr.— Croookewit.    Srdmann's  Journal,  1848,  voL  46,  pp.  87-93. 

C.  J.— Calvert  and  JoluBon.    Specific  Gravities,  Phil  Mag.,  1859,  voL  18,  pp.  854-359;  Hardneea,  Ph£L 
Mag.,  1859,  voL  17,  pp.  114-121 ;  Heat  Condnctivitv,  PhU.  Trant.,  1858,  pp.  340^68. 


e. — S.  B.  Deao.    Ordnance  Notes,  No.  XL,  Wasliiiigton,  1875. 
La.— Lafend.    Dingier' e  Journal,  1855,  voL  135,  p.  2e9. 
ML— Mallet.    Phil.  Mag. ,  1842,  vol  2 1,  pp.  6&^ 
Ma.— Matthiessen.    PfaL  Trams.,  1860,  p.  161 ;  ibid.,  1864,  pp.  167-200. 

Mar.— Marchand  and  Scheerer.    Journal /Or  Praktische  Ohemie,  vol  27,  p.  193  (Clark's  "  OorutamU  of 
Nature''). 
Mas. — ^Moschenbroek.    JTre^s  Dictionary,  article  "Alloy." 
Bi.— Riche.    Amudes  de  Ohimie,  1873,  vol.  30,  pp.  351-419. 

XT.  S.  B.~i20porf  of  Oommittee  on  MetaUio  AUoye,  of  UniUd  States  Board  appcwUd  to  tsst  Iran,  Steel,  dke. 
Th.— Thomas  Thomson.    Ann.  de  Chimie,  1814,  vol.  89,  pp.  46-63. 
W.— Watt's  Dietioruiry  of  Chemistry  (compiled  from  several  anthorities). 

Wa.-^Mi^or  Wade,  United  States  Army.    Jieport  on  BxperimmUs  on  Meialifor  (kmnon,  Phila.,  ISSft 
W«.~Weldemaim.    Phil.  Mag.,  1860,  voL  19,  pp.  248, 244.  -*  f 
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In  the  above  table  the  figures  of  order  of  ductility,  malleability,  hard- 
ness, and  fusibility  (see  also  Plate  XV)  are  taken  from  Mailed s  experi- 
ments on  a  series  of  16  alloys,*  the  figure  1  representing  the  maximum 
and  16  the  minimum  of  the  property.  The  ductility  of  the  brittle  metals 
is  represented  by  Mallet  as  0. 

The  relative  ductility  given  in  the  table,  of  the  alloys  experimented  on 
by  the  board,  is  the  proportionate  extension  of  the  exterior  fibers  of  the 
pieces  tested  by  torsion  as  determined  by  the  autographic  strain-diagrams. 
It  will  be  seen  that  the  order  of  ductility  differs  widely  from  that  given 
by  Mallet. 

The  figures  of  relative  hardness,  on  the  authority  of  Calvert  and 
Johnson  (Plate  XV),  are  those  obtained  by  them  by  means  of  an  indent- 
ing tool.  The  figures  are  on  a  scale  in  which  cast  iron  is  rated  at  1,000. 
The  word  "broke'^  in  this  column,  indicates  the  fact  that  the  alloy  opposite 
which  it  occurs  broke  under  the  indenting  tool,  showing  that  the  relative 
hardness  could  not  be  measured,  but  was  considerably  greater  than  that 
of  cast  iron. 

The  figures  of  specific  gravity  show  a  fair  agreement  among  the  several 
authorities  in  the  alloys  containing  more  than  35  per  cent,  of  tin,  except 
those  given  by  Mallet,  which  are  in  general  very  much  lower  than  those 
by  all  the  other  authorities.  In  the  alloys  containing  less  than  35  per 
cent,  of  tin  there  is  a  wide  variation  among  all  the  different  authorities, 
Mallet's  figures,  however,  being  generally  lower  than  the  others.  Several 
of  the  figures  of  specific  gravity  have  been  seleeted  from  Riche's  results 
of  experiments  on  the  effects  of  annealing,  tempering,  and  compression, 
which  shows  that  the  latter  especially  tends  to  increase  the  specific  gravity 
of  all  the  alloys  containing  less  than  20  per  cent,  tin  to  about  8.95.  This 
result,  as  stated  in  the  discussion  on  specific  gravity  (page  355),  is  due 
merely  to  the  closing  up  of  the  blowholes,  and  thus  diminishing  the 
porosity.  The  specific  gravity  of  8.953  was  obtained  by  Major  WaSe  by 
casting  a  small  bar  in  a  cold  iron  mold  from  the  same  metal  which  gave 
a  specific  gravity  of  only  8.313  when  cast  in  the  form  of  a  small  bar  in 
a  clay  mold.  The  former  result  is  exceptionally  high,  and  indicates,  the 
probability  that  every  circumstance  of  the  melting,  pouring,  casting,  and 
cooling  was  favorable  to  the  exclusion  of  the  gas  which  forms  blowholes, 
and  to  the  formation  of  a  perfectly  compact  metal. 

Plate  XII  gives  a  comparison  of  the  figures  of  specific  gravity  ob- 
tained by  different  experimenters. 

The  figures  of  tenacity  given  by  Mallet,  Muschenbroek,  and  Wade 
agree  with  those  found  in  the  experiments  described  in  this  report  as 
closely  as  could  be  expected  from  the  very  variable  strengths  of  alloys 
of  the  same  composition  which  have  been  found  by  all  experimenters. 

Mallet's  figure  for  copper,  24.6  tons  or  55.104  pounds,  is  certainly  much 
too  high  for  cast  copper ;  the  piece  which  ne  tested  was  probably  rolled 
or  perhaps  drawn  into  wire.  Harwell's  Pocket  Book  gives  the  following 
as  the  tensile  strength  of  copper;  the  names  of  the  authorities  are  not 
given: 

Ponnds  per 
square  inch. 

Copper,  wrought 34,000 

Copper  roUed 36,000 

Copper,  cast  (American) 24,250 

Copper,  wire 61,200 

Copper,  bolt --.  36,800 

*See  appendix. 
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The  figure  for  cast  American  copi>er  is  evidently  taken  from  the  ex- 
periments of  Major  Wade. 

The  figures  obtained  by  the  writer  for  alloys  of  7.5, 10,  and  12.6  per 
cent,  tin,  viz,  27,900,  26,860,  and  31,100  poands,  are  much  less  than  is 
usually  given  as  the  strength  of  gun-metal.  It  must  be  remembered, 
however,  that  bronze  guns  are  usually  cast  under  the  pressure  of  a  head 
of  metal  which  tends  to  increase  the  strength  and  density.  The  strength 
of  the  upper  part  of  a  gun-casting,  or  sinking  head,  is  not  greater  than 
those  of  the  small  bars  which  have  been  tested  in  these  experiments. 
The  table  shows  the  figures  of  Major  Wade  for  the  mean  density  and 
tenacity  of  a  lot  of  83  gun-heads  of  one  composition,  and  of  12  of 
another  composition,  the  figures  for  tenacity  being  respectively  26,655 
and  26,011  pounds  per  square  inch. 

The  strength  of  gun-bronze,  as  found  in  the  guns,  is  not  given  in  the 
table,  which  is  designed  to  compare  only  the  various  authorities  on  the 
tenacities  of  the  alloys  only,  as  cast  under  ordinary  conditions,  and  not 
when  compressed,  rolled,  or  cast  under  pressure. 

The  following  are  a  tew  extracts  which  have  been  made  firom  the 
report  of  Major  Wade  concerning  the  strength  and  density  of  gun- 
bronze: 

Bronze  guns  made  at  Ohioopeej  Mom.j  1860. 

Tin,  Ipart 7.297  2.122 

Copper,  8  parts  (mean  of  9 samples) 8.672  24,252 

Mean  of  83  guns 8.751        

Mean  of  83  gran-heads 8.523  29,655 

Extreme  variation  of  six  samples  from  different  parts  of  the  same  gun 
(a  32pounder  howitzer) :  Specific  gravity,  8.487  to  8.836;  tenacity,  20,428 
to  52,192.  Extreme  variation  of  all  the  samples  tested :  Specific  ^*avity, 
8.308  to  8.850;  tenacity,  23,108  to  54,531.  Extreme  variation  of  all  the 
samples  from  the  gun -heads :  Specific  gravity,  8.308  to  8.756 ;  tenacity, 
23,529  to  35,484. 

The  materials  used  in  all  these  castings  were  of  the  same  quality;  they 
were  melted,  cast,  and  cooled  in  the  same  manner,  and  were  designed  to 
be  similarly  treated  in  all  respects. 

Bronze  guns  made  at  South  Boston^  Mass.^  1850 — 12-pounder  hountzers. 

Composition,  10.71  parts  tin  in  100. 

Mean  of  12  gun-heads 8.353        26,011 

Mean  of  12  small  bars  cast  with  gnn 8.800        52,253 

The  small  bars  were  cast  in  the  same  mold  as  the  gun  and  were  sub- 
jected to  the  pressure  of  the  sinking  head.  Major  Wade  remarks  that 
the  great  8Uf)eriority  of  the  small  bars  over  the  ^un-heads  may  be  at- 
tributed to  their  cooling  rapidly  at  first,  and  until  they  become  solid, 
and  to  their  subsequent  cooling  being  retarded  by  the  adjacent  liquid 
mass  of  metal  in  the  gun-head.  The  bar  is  in  contact  at  one  end  with 
the  gun-head,  and  any  contraction  which  may  occur  in  it  after  its  solidi- 
fication is  supplied  by  the  liquid  metal  in  the  head,  with  a  force  due  to 
its  column  of  pressure.  This  fills  all  cavities  and  gives  compactness  to 
the  bar.  The  heat  in  the  massive  head  which  joins  the  bar  controls  and 
prolongs  its  cooling.    Small  bars,  cast  in  separate  molds,  are  cooled 


TESTS   OP   METALS. 


375 


rapidly  from  first  to  last,  and  the  cavities  formed  during  their  contraction 
are  not  supplied  firom  any  separate  source.  To  these  circumstances  we 
must  attribute  their  inferiority  to  the  bars  cast  in  the  gun-molds. 

Three  howitzers,  Kos.  27,  28,  and  29,  were  cast  fix)m  the  same  liquid 
metal  contained  in  a  crane-ladle.  I^o.  27  was  cast  when  the  metal  was 
at  the  highest  temperature:  No.  28  was  cast  fifteen  minutes  later;  and 
No.  29  fourteen  minutes  after  No.  28.  The  following  results  were  ob- 
tained: 


Temperature  of 
metal  at  caat- 
ing. 


Speoiflc  jfravlty— 


Highest 
Mean... 
Lowest. 


Of  gun-    Of  entire 

Of  small  bars  cast 
in— 

heads,    j     gan. 

Gun- 
mold. 

Separate 
mold. 

7.98(5          a  105 
8. 351          8. 551 
8. 538          8. 752 

8.686 
8.823 
&848 

8.554 
8.447 
&376 

Tenacity. 


Of  gun- 
heads. 


17, 761 
28,995 
23,722 


Of  amull  bars  cast 
in — 

Gun-       Separate 
mold.         mold. 


50,973 
52, 330 
56,780 


31, 132 

28, 153 
28,  082 


In  casting  another  howitzer,  "So.  30,  small  test-bars  were  cast  in  sep- 
arate molds,  one  of  which  was  of  cast  iron,  to  ascertain  the  effect  of 
sudden  cooling,  and  the  others  were  of  clay,  similar  to  the  gun-mold. 
The  tests  of  all  the  samples  from  this  casting  were  as  follows: 

SmaU  bars  oast  separately  in  iron  mold 8.953  37,688 

Small  bars  cast  separately  in  clay  mold 8.313  25,783 

Small  bars  oast  in  gnn-mold 8.  896  53,798 

Gnn-head  samples 8.490  35,578 

Finished  howitzer 8.733 

In  the  conclusion  to  his  report  on  gun-bronze  M^yor  Wade  says: 
«The  general  results  which  are  exhibited  in  this  report,  on  the  qualities 
of  bronze  as  they  are  found  in  guns,  are  mostly  of  a  negative  character. 
They  expose  defects  in  density  and  strength,  develop  the  heterogeneous 
texture  of  the  metal  in  different  parts  of  the  same  gun,  and  show  the 
irregularity  and  uncertainty  of  quality  which  attend  the  casting  of  all 
guns,  although  made  from  similar  materials,  treated  in  like  manner.  Hie 
ascertained  ^ts  which  this  report  exhibits,  although  they  relate  chiefly 
to  existing  imperfections  in  the  art  of  manu£Eicturing  bronze,  will,  it  is 
believed,  be  found  use^l.  They  may  serve  to  awaken  the  attention  of 
those  who  may  henceforth  be  concerned  in  conducting  this  branch  of 
service,  and  to  suggest  such  improved  methods  of  treating  the  materi- 
als as  will  ultimately  raise  our  knowledge  of  the  art  to  an  equality  with 
that  which  has  been  attained  in  the  manufacture  of  iron  cannon." 

That  the  strength  of  ordinary  ordnance-bronze  is  still  variable,  twenty 
years  after  Major  Wade's  report  was  written^s  shown  by  the  following 
records  of  twelve  tests  made  by  the  Ordnance  Department,  United  States 
Navy,  and  furnished  to  the  writer  by  Gapt.  William  K.  Jeffers,  United 
States  Navy,  Chief  of  the  Bureau  of  Ordnance. 
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Navy  ordnance-bronze  tested  in  1875  and  1876  at  Washington^  D.  0* 


TenBile   strength  per 
square  inch  of— 


Oriuinal 
section. 


Fractured 
section. 


A  o   • 

s  c  t^ 

or  "=* 

«  «  S 

a 
a- 

S"-5o 


i-^1 


<^  ©  o 


Ml,  3-4-75 

M2, 3-4-75 

BB,1X 

M2,5-4}-75 

No.  3, 8-21-75  .. 
No.2,8-L'l-75... 
GB  2,  5-6-75  .. 
GB  8,  5-0-75  . 
B3L,  lJ-70-75. 
Ml  0,3-11-76.. 
B  2  C, 3-11-76  . 
B  8  C,  3-11-76  . . 


42, 037  70, 000  .  4795 

41, 768  71, 000  .  478 

22,385 100 

45, 737  ' .  522 

49. 772  65, 600  ,  2003 

48,000  '  60,000  .211 

35.820 4975 

29,818  1 0291 

33, 630  39, 000  .  135 

51,459  I  91,600  .5^0 

45,  M7  ,  73, 450  '        .  3b6 

44,869  1  71,600  .415 


.40 

.417 


i 

be 
o 

s 

I 

00 


1          .470 
<          .240 
.20 

"  a  878 

.60 

8.892 

.134 

.  438 
.376 
.373 

8.853 

Full  of  large  tin  spots. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 

Flaw  in  the  breakingportioo. 
Cast  in  chUl  mold. 

Cast  in  chill  mold. 
Cast  in  chill  mold. 


The  guns  cast  in  cbill  molds  were  composed  of  10  parts  of  copper  to 
1  part  of  tin;  the  others  were  of  9  parts  of  copper  to  1  part  of  ^. 

That  a  great  improvement  may  be  made  in  die  density  and  tenacity 
of  gun-bronze  by  compression  has  been  shown  by  the  experiments  of 
Mr.  S.  B.  Dean,  in  Boston,  Mass.,  in  1869,  and  by  those  of  General  Ucha- 
tins,  in  Austria.*  in  1873.  The  former  increased  the  density  of  the 
metal  next  the  bore  of  the  gun  from  8.321  to  8.875,  and  the  tenacity 
from  27,238  to  41,471  pounds  per  square  inch.  The  latter  by  a  similar 
process  obtained  the  following  figures  for  tenacity: 

Poonds  per  square  faidL 

Bronze  with  10  percent,  tin 72,053 

Bronze  with  8  per  cent,  tin 73,958 

Bronze  with  6  per  cent,  tin 77,656 

The  density  of  these  specimens  is  not  given,  but  it  probably  approaches 
very  closely  to  8.95.  It  is  believed  diat  the  experiments  of  General 
Uchatius  are  still  in  progress. 

The  experiments  of  Biche  have  also  shown  the  increase  of  density  by 
compression  and  tempering.  A  translation  of  his  paper  on  this  subject 
is  given  in  the  appendix. 

The  table  of  comparison  of  authorities  is  by  no  means  complete.  No 
account  is  taken  of  a  vast  number  of  ancient  bronzes,  weapons,  medals, 
coins,  and  sonorous  instruments,  which  have  been  described  by  various 
writers.  These,  however,  differ  out  little  in  composition  and  proi)erties 
from  the  ordnance  and  bell  metal  given  in  the  tables. 

It  will  be  observed  that  while  there  is  considerable  irregularity  in  the 
tenacity  of  the  alloys  containing  more  than  27.5  per  cent,  of  tin,  they 
are  all  extremely  weak,  the  highest  strength  found  by  any  experimenter 
being  only  8,736  pounds,  and  valueless  for  all  purposes  in  which  strength 
is  required. 

It  has  been  shown  that  the  useM  alloys,  those  which  contain  less  than 
27.5  per  cent,  of  tin,  have  strengths  which  are  nearly  proportional  to  their 
densities.  A  systematic  investigation  remains  yet  to  be  made  to  ascer- 
tain the  various  causes  which  operate  to  produce  the  blow-holes  which 
are  the  principal  cause  of  the  lack  of  density,  and  the  means  which  may 
be  taken  to  prevent  the  operation  of  these  causes. 

'Ordnance  Notes  No.  XL,  Washington,  D.  C,  1876. 
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As  before  stated,  compression  of  the  metal,  either  in  the  fluid  state  or 
after  it  has  solidified,  increases  the  density  and  consequently  the  strength, 
by  closing  the  blow-holes  and  compressing  the  gas  which  the  blow-holes 
contain. 

If  the  formation  of  the  gas  which  causes  these  blow-holes  can  be  pre- 
vented, or  if  it  can  be  removed  from  the  metal  while  the  latter  is  still  in 
a  fluid  state,  it  is  evident  that  the  cast  metal  will  be  entirely  firee  firom 
them,  and  a  metal  of  greater  density  and  strength  will  be  obtained 
which  may  not  need  fti^er  compression. 

No  means  has  yet  been  discovered  by  which  this  desirable  result  may 
be  accomplished,  but  it  is  not  improbable  that  it  may  be  done  by  a 
proper  system  of  treatment  of  the  fluid  metal,  or  by  the  use  of  fluxes 
which  shall  chemically  unite  with  the  gas  of  the  blow-holes  and  prevent 
its  existence  in  the  gaseous  state.  The  subject  offers  a  fhiitful  fleld  for 
experiment^  one  which  it  is  proposed  to  explore  after  concluding  the 
researches  in  progress  on  castings  of  copper-tin,  copper-zinc^  and  triple 
alloys. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 

MBCHAinCAL  LaBOBATOBT,  DKPABTMXXT  of  ENOIXUBniO,  STBVBVB  IHBTITUTB  of  TlCRHOLOeT. 

TABLE  XXI.— CAST  COPPER. 

Original  mark:   Ka  1. — ^Material:   Copper,  cast  in  hot  iron  mold.— Bimcouiona :   Leneth  betweoi 

•apporta,  I-»22".    Breadth,  6»0.094".    Depth,  d«-1.010". 


Load. 

Deflection 

Modolus  of 
Set.              elartldly. 

»-4aW  <^+*> 

Load. 

DefleoOai 

Set. 

Modnlnaof 
elaatUdty. 

»-lA5^  <^+*> 

PMNUb. 

7 

0.004 
0.006 
0.006 

aoo8 

Inehsi. 

Peundt. 
850 

0 
400 

0 
460 

0 
500 

0 
560 

0 
660 
000 

0 

000 

IhOm. 

625 

660 

0 
648 

Inehst. 
ai28 

IneKu. 

7,481,071 

12 

0.032 

20 

0.154 

0,818,088 

80 

0.064 

0 

a0024 

a208 

6,813,888 

40 

0.010 
0.008 
0.000 
0.010 
0.018 
a022 
0.020 

0.001 

60 

0.266 

4,848,681 

00 

0.147 

70 

0.848 

4,188^055 

80 

0.828 

00 

0.884 
0.442 

100 

31,040,006 

0 

0.007 

0.286 

125 

0.022 
0.027 

15,241,070 
14,825,866 

0.684 
a  543 
0.087 
a707 

150 

0 

0.006 

200 

6.638 
a  052 
0.078 

18.968,606 

2,404,480 

S26 

0.578 

250 

8,044,888 

9  KM 

BrokSb 

0 

0.010 

276 

0.065 

At  650  ponnda  ft  dhmk  appearea  on  uie  vnacr 
aide  of  the  bar.    After  reading  the  aet,  tha  bar 

0 

0.014 

800 

0.008 

8,068,808 

aank  rspidlj  under  548  pounda,  and  broke. 
Breaking  load  650  poonda. 

0 

0.018 

886 

0.100 

8    I 
Modnloa  of  rapture,  B«  -g  5^(P+6)— SlfUL 

0 

0.026 

TABLE  XXEL— ALLOY  07  COPPER  AND  TIN. 

Original  mark:  No.  2.— Material:  Alloy.— Original  mixture:  88.1  Co,  LO  Sn.— Analraia:  87.88  On,  LOO 
Sn.    Caat  in  dry  aand.— Dimenaiona :  Xength  between  anpporta,  22".    Breadth,  LOU".   Depth,  L006^ 


5 

0.008 

0.0024 

0.0080 

0.0056 

0.0080 

0.0085 

0.012 

0.018 

0.014 

0.016 

0.017 

0.020 

*"' "6.036"" 
0.041 
a  154 

326 
850 
875 

0.207 
0.368 

0.&77 

10 

2,488^107 

15 

•••••••••••• 

20 

WiW                          *.  *.  .         , 

30 

The  deflection  increaaea  rapuuy  wiui  tone. 

40 

0 
400 
425 
0 
450 
475 
In  3  m. 
0 
500 
In  10m 
525 
650 
In  3  m. 
575 

0.587 

50 

0.888 
L120 

1,258,466 

60 

70 

L017 

80 

L454 

L762 
2.068 

800^888 

80 

100 

13,487,074 

0 

0.000 

L831 

125 

11,158,271 

11,324,079 

8,798,737 

2.108 
2.506 
2.738 
3.147 
4.805 

X  fiAl 

175 

200 

■"•*•••••""• 

0 

0.0005 

466,612 

225 

0.009 
0.082 

8,008,354 
7,161,008 

250 

0 

0.046 

1 

'W^            m              A          .         m  «• 

275 

0.124 

Bflectioninoi 
tinned  withe 

0.202 

Bar  bent  rapidly,  ana  auppea  tnroogn  Decween 

Thed( 
waacon 

800 

reaaedwithi 
mt  atopping. 

dme,bntthe  test 
8,800,510 

aopporta. 

Breaking  load  (< 
oaoaea  a  deflection 

Modnloa  of  mpto 

Bonaidered  i 

of  8|"),  5S0j] 

*    3   r 

bo  be  that  which 
tonnda. 

(P+8)-17,87l 

0 

0.136 

'™'^"2M> 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continned. 

IFtrst  aeries,'] 

MSCTIAHICAL  LaBOBATOBT,  DSPABTMEIfT  OF  BnOINRBRINO,  aiKVIUiB  iHffllTUTB  OF  TSGHNOLOOT. 

TABLE  XXm.— ALLOY  OF  COPPER  AND  TIN. 

Originfd  mark:  No.  S.—Katerial:  AUoj.— Original  mlztaro:  90.27  Gn,  8.78  Sn.— Analyaia:  90.00  Co, 
8.70  Sn.— ]>im6nsionB :  Length  between  snpports,  22^'.    Breadth,  1".    Depth,  0.998". 


Load. 

Deflection 

Set 

Modalua  of 
elastioity. 
P 
B=4A6d<(I*+4) 

Load. 

Deflection 

A 

Set. 

Modnlas  of 
elasticity. 

E=4A&PCP+*) 

Poundt. 

8 

Inehet. 
0.0008 
0.0010 
0.0032 
0.0047 
0.007 
0.010 

Ihehet. 

Poundt. 
In  20  m. 
In  30  m. 
In  40  m. 
In  60  m. 
1  hoar. 
0 

700 

725 

750 
In  5  m. 
In  10  m. 
In  20  m. 
In  25  m. 
0 

775 

800 
In  5  m. 
In  16  m. 
0 

825 

860 
In  5  m. 
In  45  m. 
15^45- 
0 

875 

900 
In  5  m. 
In  15  m. 
In  30  m. 
In  45  m. 
0 

925 

950 
In  5  m. 
In  16  m. 

975 
In  5  m. 
In  10  m. 

1,000 

In  5  m. 

In  15  m. 

In  45  m. 

1*16- 

Bzeaki] 
Modnli 

Inehet. 
0.601 
0.018 
0.080 
0.042 
0.060 

Jnehtt, 

10 

12 

20 

80 

••••••*••"• 

50 

0.624 

0 

0.0016 

...••.••■..• 
0.058 
0.009 
0.701 
0.840 
0.890 
0.913 
0.925 

80 

0.017 
a021 
0.023 
0.020 

, 

100 

18,262,817 

120 

150 

15,862,408 

0 

0.0024 

175 

0.032 

ao4i 

0.015 
0.051 

14,980,447 
13,825.025 

200 

0.780 

225 

0.940 
0.972 
L217 
L204 

260 

18,887,880 

1.098,061 

0 

0.004 

276 

0.054 
0.060 
0.009 

800 

18,568,888 
13,739,054 

LllO 

. 

850 

1.280 
L828 
L588 
1.732 
1.882 

0 

0.000 

375 

0.077 
0.083 

""""0."085""' 
0.005 

400 

18,035,420 

0 

0,010 

425 

L718 

450 

12,798,349 

L892 
1.929 
2.095 
2L162 
a.  256 
2.319 

0 

0.014 

1.266,041 

475 

0.102 
0.122 

600 

11,003,497 

0 

0.025 

525 

0.124 
0.138 

550 

10,751,080 

2.128 

0 

0.042 

2.836 
2.402 
2.686 
2.002 
2.713 
2.988 
8.091 
8.118 
8.540 
3.660 
4.102 
7.634 

[igload,Psl 
isofmptore 

675 

0.158 
0.181 
0.229 
0.244 
a  252 

600 

8,880,754 

Left  10m 

Tq  so  m. 

Jn  60  m. 

0 

ai08 

025 

0.208 
0.287 
0.382 
0.410 
0.421 

802^841 

660 

Ib  10  nkt 

Tq  20  ip. 

Tn  no  m. 

Tray  roao! 

0 

0.802 

ports* 

076 

0.429 
0.441 
0.659 
0.688 

L,000  pounds. 

700 

4^276^198 

Ib  6  m. 

^  »=T'JSr^+^>=»»"^ 

In  10  m. 
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BECOBD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

[^ First  series,'] 

liMCBAMCAIs  LABOBATOBT,  DXPABTMSin'  OP  ExcnOEKBIXO.  STKTBXB  IHSnTUTB  OP  TiCHSIOLOOT. 

TABLE  XXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  4.— Material:  Alloy .—Origiiud  mixture:  02.8  Cn.  7.2  S&.~Diinension8 :  Length 

between  sopports,  22".    Breadth,  0.i)07".    Depth,  1.012-'. 


Load. 


Pounds. 

0 
10 
20 
30 
40 
60 
80 
100 

0 
125 
150 
175 
200 

0 
225 
260 

0 
275 
800^ 

0 
325 
850 
875 
400 

0 
425 
460 
475 

0 
600 

0 
525 
550 

0 
ff75 

0 
600 

0 
660 

0 
700 


Deflection 


Inehss. 
0.0008 
0.0016 
0.0030 
0.007 
0.010 
0.018 
0.017 
0.020 


0.024 
0.020 
0.034 
0.041 

0.045 
0.052 

0.057 
0.050 

0.063 
0.066 
0.072 
0.075 

0.070 
0.082 
0.087 

0.085 

0.102 
0.106 

0.112 

0.124 

0.137 

0.153 


Set 


Modnlns  of 

I       elAAticity. 


Inehss. 


0.000 


0.000 


0.0008 


0.000 


0.000 


0.0016 
6.0024' 


0.0082 


0.0055 


0.0085 


0.013 


13,886,305 


13. 680, 575 
i2,"8i8,"227' 


12,583,801 
'  £8,274,"  439* 


13,817,863 
"i8,*877,'i97" 


14,263,490 

'i3,'677,'4«4* 

i3,'464,'855' 


12,548,648 


11,853,045 


Load. 


^^  Pounds. 

0 

750 

800 

0 

850 

000 

0 

050 

In  5  m. 

1,000 

In  5  m. 

0 
1,050 
In  10  m. 

1,100 

In  10  m. 

0 

1,100 

1,150 

In  3  m. 

1,200 

In  10  m. 

0 

1,200 

1,250 

In  10  m. 

In  30  m. 

16"^  30- 

0 

1,250 

1,300 

In  10  m. 

In  30  m. 

1,350 
In  30  m. 


Deflection 


Inehss. 


0.173 
0.100 


0.232 
0.287 


0.348 
0.429 
0.401 
0.584 


0.620 
0.781 
0.858 
L031 


L053 
1.155 
1.280 
L384 
L824 


L824 
1.935 
2.178 
2.281 
2.638 


2.639 
2.746 
2.911 
2.966 
8.226 
&706 


Set 


Modolns  of 
elasticity. 


Inches. 
0.020 


10,406,413 

0.048 

&  114. 620 

0.116 

6,267,855 

0.379 

8,814,847 

0.807 

2, 240;  610 

1.540 

2.348 

L228.872 

Tray  reached  bottom  of  rap- 
porta. 
Breaking  load,  P=:l,350ponnda. 

Modnlns  of  mptore,  Rsy  'g^(P+3)ss43,781. 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

IFirst  aeries,'] 

HICHL4MICAL  LABORATORY,  DBrABTKBMT  OF  EMODnCBRING,  SfOYKSB  IMSTITUTI  OF  TlGHHOLOOT. 

TABLE  XXV.— ALLOT  OF  COPPER  AJSTD  TIN. 

Original  markrJS'o.  5. — ^Material:  Bion2e.~-Original  mixture^  90  Co,  10  8n.-nAnaly8is:  90.27  Go,  9.58 

)tn,  0.r"'" 


Sn.— Dimenaions:  Length  between  aapports,  22".    Breadth,  1.008".    Depth,  0.998' 


u 


Load. 

Deflection 

A 

Set 

Modnlns  of 
elaaticity. 

Load. 

1 

Deflection 

A 

Set 

Kodolns  of 
elasticity. 

^-'4aW«^  +  *> 

Poundg. 
25 

0.0008 

0.0063 

0.017 

0.020 

0.026 

0.030 

0.032 

InehM, 

Poundi. 
0 
900 
1,000 
In  15  m. 

0 
1,050 
In  10  m. 

0 
1,050 
1,100 
In  10  m. 

0 
1,100  - 
1,150 
In5m. 

0 

1,150 

1,200 

In  15  m. 

1,250 

In8m. 

1,300 

In  8  m. 

0 
1,850 
1,425 
InSm. 
1,435 
1,485 
In3m. 

0 
1,485  in 
10  m. 
Brea: 

Modi 

Inehei, 

Inehu, 

aao9 

80 

0.424 
0.467 
a550 

40 

6,798»988 

60 

80 

0.821 

100 

9,350,764 

0.696 
0.698 

125 

0 

0.0024 

a445 

150 

0.034 
0.043 
0.058 
0.063 

12,217,842 
12,796,662 
12,926.858 
13,015^713 

0.728 
0.849 
0.951 

200 

8»  607, 489 

250 

800 

0.672     , 

0 

0.0024 

0.971 
L050 
L085 

850 

0.079 

12,086,794 

0 

0.047 

400 

0.008 

11,717,459 

0.817 

0 

0.0024 

L109 
1.182 
L609 
L757 
L997 
2.289 
2.658 

450 

0.100 
0.107 

12,245,908 
12,705,206 

31,868,887 

500 

0 

0.0047 

550 

0.122 
0.139 

'"  6.162*"' 

12,248,556 
11,720,796 

600 

*   "6.'oio'"" 

1,670,986 

0 

660 

2.818 

0 

0.010 

2.688 

2.979 
8.129 
8.831 
8.447 
4.588 

700 

0.171 

11,104,794 

1,208,888 

0 

0.028 

750 

0.192 

0 

0.086 

800 

0.221 

9,812,981 

0 

0.054 

4.108 
Bar  bent 
reached  b 
85ponnda. 

8  I 

w.R-2M« 

860 

0.256 

7.584 
dng  load,  1,4 
doa  of  rapta 

rapi^y'toi'tny 
ottom  of  snpporta. 

0 

0.061 

900 

asoo 

7,968,000 

0 

9.115 

960 

a895 
0.410 

(P  +  8)«^9;400. 

In  6m 
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BECOBD  OF  T£8TS  BY  TRANSVERSE  STRESS— Continaed. 

IFirbi  aeries.  ] 

HBCHANIOAL  LaBOBATOBT,  DBPASTMSIfT  OF  EXOnnCBRIlia,  STBVBMB  iMBTTrUTB  OF  Tbchxoixmt. 

TABLE  XXVI.— ALU)Y  OF  COPPER  AND  TIN. 

Original  mark:  No.  6.— Material:  Alloy.— Oii^loal  mixtore:  86.57  Cn.  13.43  Sn.— Analyaia:  87.16  Co, 
12.73  Sn.— Dimenaiona:  Length  betwetn  soppoits,  22".    Breadth,  0.990".    Depth,  1.005^'. 


Load. 


Founda. 

10 
20 
80 
40 

60 

80 

100 

0 
125 
160 

0 
176 
200 

0 
260 
800 

0 
850 
400 

0 
460 
500 

0 
660 
600 

0 


Deflection 


InehM, 
0.0024 
0.0056 
0.0070 
a  0070 

a  Oil 

0.018 
a028 


a082 

a  030 


0.045 

a  051 


0.060 
0.085 


0.114 
0.139 


0.156 
0.176 


0.201 
0.236 


Set. 


Jnekat. 


a  0010 


0.0082 


0.0032 


0.0047 


0.008 


0.027 
0.058* 


Modnlus  of 
^^^^S'  Load. 


DefleottOD 


Set. 


9,776.850 


10,614,421 
10, 897, 121 


10,473,635 
10, 532, 146 


9,602,628 
9,416,976 


8,176,271 
7,662,855 


7,662,812 
7,540,061 


Poundi. 

OGO 

700 
In  10  m. 
0 

750 
In  10  m. 

800 
In  15  m. 
0 

850 
In  30  m. 
0 

900 
In  15  m. 

|l      950 
.  In  15  m. 
'  1,000 
In  15  m. 

0 
1,050 


7,257,225 
6,788,789 


0.269 
0.828 
0.888 

0.421 
0.496 
0.582 
0.717 

0.770 
0.072 

L024 
1.205 

1.285 
L624 
1.685 
2.114 

2.291 


inekat. 


0.177 


9.468 


0.660 


0.918 


Modnloa  of 
ekiaiioity. 


6^061,894 


8.979^251 


2,824^477 


1,568^884 


L717 
Broke  about  10  aeconda  after 


placing  the  weight  on  the  bar. 
Breaking  load,  1,060  poonda. 

Modnlua  of  rapture.  B=r253i^  +  ^>='*»®^* 


TABLE  XX  VII.— ALLOY  OF  COPPBE  AND  TIN. 

Original  mark:  Na 7.— Material:  Alloy.-Original  mixture:  80  Cn.  20  Sn.— Analysis:  80.96  Gn,  1S.94 
Sn.— Dimensions:  Length  between  supports,  22".    Breadth,  0.990".    Depth,  1.011". 


5 

0.0008 

0.0016 

0.0055 

0.0095 

0.021 

0.025 

0.028 

0.033 

0.037 

0.043 

\ 

10 

20 

50 

76 

100 

10,737,827 
11,891,996 
12,045,639 
12, 487, 468 
12, 245, 7d6 

125 

160 

176 

200 

0 

0.0024 

225 

0.045 
0  051 
0.057 
0.063 

250 

12,855,428 

276 

800 
0 

**"6.*6639' 

12,455,356 

32S 

0.060 
0.073 
0.077 
0.081 

""0.083  " 
0.087 
0.094 
0.098 

350 

12  517, 001 

375 

400 

12,874,176 

0 

0.0047 

425 

450 

475 

500 

13,274,787 

0 

0.0063 

525 

"""'0.163"" 
0.105 
0.114 
0.122 

550 

575 

600 

12,779,097 

0 

0.0068 

625 

0.128 
0.132 
0.134 
0.140 

650 

675 

700 

12, 979, 791 

0 

*■  6."  0039 

725 

0.152 

750 

785    1        A.lAa 

800 

0.167 

12,426,896 

0 

6.6663 

825 

""b'iio" 

'..    .*' 

0.172 

0.177 

0.184 

12,081,589 

0.0108 

6. 188 

0.192 

0.197 

0.201 

12,893,290 

a  012 

*  6.209 

0.018 

1        0. 213 

0.219 

• 

18,012,118 

0.231 

0.256 

1?,  139, 743 

a  026 

6.269 

0.285 

11,810,161 

............ 

0.089 

0.305 

0.820 

11,325,050 

0.055 

0.830 

0.360 

10,783,714 

0.076 

0.386 
0.415 

0.099 

9,970,527 

0.441 
0.470 

9.855,254 

0.126 

0.510 
0.537 

9,202,114 

0.109 

0.469 

0.492 

1 
- i--«»--. -•-.-•----■ 

650 
875 
900 

0 

925 

950 

975 

1,000 

0 
1,050 

0 
1,075 
1,100 
1,150 
1,200 

0 
1,250 
1,300 

0 
1,350 
1,400 

0 
1,450 
1,500 

0 
1,550 
1,600 

0 
1,650 
1,700 

0 
1,750 
Inl5h. 

0 
1,620 
1,620 

1, 750    I  Broke  10  seconds  after  putting  on  the  last 
pound  of  the  weight 

Breaking  load,  1,750  pounds. 

8  I 


Modnlns  of  rupture,  E=2  hd^ 


<P  +  8)=60,n6, 


TESTS   OF  METALS. 
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BECOBD  OF  TESTS  BY  TBANSVEBSE  STRESS— Continued. 

IFirst  «Tia.] 

IflOWATrtCAL  LaBOBATOBT,  DEPAETMKKT  OF  EMGINESBIlffO,  STBVRNB  IllBTITDn  OF  TlOBHOLOCnr. 

TABLE  XXVnL— ALLOT  OF  GOPPE&  AOT)  TIN. 

Original  mark:  No.  8.— Material:  Alloy.— Original  mizture:  76.82  Co.  23.68 Sn.—Analyai8:  76.68  Cn, 
28.24  Sn.— Dimenaiona:  Length  Detween  aapporta,  22".    Breadth,  O.OOO''.    Depth,  1.002". 


Load. 

Defleotion 

Set 

Modulus  of 
elasticity. 

Load. 

Defleotion 

A 

Set 

Modnlos  of 
elasticity. 

E—     ^    (P+4) 

Founds. 
6 

0.0008 

0.0016 

0.0039 

0.0095 

0.014 

0.020 

0.024 

0.028 

0.035 

0.045 

ATvWM^Va 

PoundM, 
560 
675 
600 

0 
685 
675 
700 
725 
750 
775 
800 
825 
860 
875 
900 

0 
025 
960 

Jnehei. 
a  110 
0.116 
0.120 

J&  PMWvWv 

10 

20 

18,846,659 

40 

aoo6s 

60 

ai24 
ai88 
0.143 
0.147 
0.151 
0.156 
0.161 
0.165 
0.178 
0.175 
ai70 

80 

100 

11,489,877 

18,068,021 

120 

150 

11,666,186 
12,019,656 

200 

0 

0.0008 

18^240,506 

225 

0.047 
0.054 
0.050 
0.062 
0.009 
0.073 
0.081 
0.085 
0.092 
0.098 
0.101 
0.106 

250 

12,471,874 

275 

800 

18,000,884 

18,880,284 

825 

0.0066 

850 

0.184 
0.191 

400 

*"  i8,'224,2ii  ■■' 

18,248,001 

425 

0 
075 

a0055 

450 

BmkA  Iniit 

ftfl  fhA  VTAfirht  XTfta  AivnliAd. 

475 

Breaking  wedgbt,  975  poondaT              " 

600 

is,  230, 722 


oSv 

Modolua  of  mptaie,  Bs^  ,5g<P+8)s82,810. 

A  wir- 

TABLE  XXDL— ALLOY  OF  COPPER  Aim  TOT. 

Ori^Sinal  mark:  No.  9.— Material:  Alloy.— Original  mixture:  70  Go,  80  Sn.— AuJysia:  60.84  On,  »M 
8n.— Dimenaiona :  Length  between  supports,  22".    Breadth,  0.99y.    Depth,  1'. 


8 

0.0008 

0.0089 

0.0071 

0.0087 

0. 0111 

0.017 

0.020 

240 
250 
260 
280 
800 

0 
320 
340 
850 

0 
860 

0.089 
0.041 
0.044 
0.051 
0.054 

20 

16,624^412 

40 

60 

16,656,009 

60 

15,106,902 

80 

0.0008 

100 

• 

13,994,084 

PPP 

120 

0.022 
0.025 

140 

.--.- 

0.0089 

15,821,786 

160 

0.026 
0.027 
0.030 
0.034 

15,894,387 

160 

Broke  inmt 

oa  load  waa  Annllad. 

180 

200 

16,104,514 

Breaking  load,  860  pounds. 

0 

aooo 

280 

0.036 

Modulus  of  rupture,  R3^j^P+8)=sl2,076L 

mwvr 

TABLE  XXX.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  10.— Material:  Alloy.— Original  mixture:  68.25  Cu,  31.75  Sn.— Analysis:  68.68  On, 
81.26  Sn.— Dimensions:  Length  between  supports,  2^'^    Breadth,  0.990".    Depth,  1.004^'. 


4 

0.0008 

0.0089 

0.0087 

0.0103 

0.012 

0.016 

0.010 

175 
200 
0 
225 
250 
275 

0.081 
0.086 

20 

15,486^288 

40 

0.0016 

50 

13,929,660 

0.039 
0.043 

60 

15,604,666 

80 

BrokA  9>boi 

it  4  SAfiondfl 

ai^Ar  nnttincr  on 

100 

14,543,316 

VTAitrhtL                                           *            " 

0 

0.000 

Breaking  loaS,  275  pounds. 

125 

0.022 
0.026 

150 

15,737,332 

Modulus  of  rupture,  R=^ -V|(P+8)s9,192. 

1 

*n/i*- 
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TESTS    OF   METALS. 


RECORD  OF  TESTS  BT  TRANSVERSE  STRESS— Contmned. 

IFirst  teries,"] 

IflCBAKICAL  LABOBATOBT,  DBPABTMXKT  OF  EXOIXEKBDIQ,  STBVBXS  IXSnTUTB  OF  TKCBXOLOOT. 

TABLE  XXXI— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  11.— Material:  Alloy.— Original  mixture:  65Cii,  89  Sn.— Analysis:  65.33  Cu,  84.47 
Sn.— Dimensions:  Length  between  supports,  22".    Breadth,  0.082".    Depth,  1.003". 


Load. 

Deflection 

Set. 

< 

Modulus  of      1 
elasticity. 

Load. 

Deflection 

Set. 

Modulus  of 
elasticity. 

Poundt. 
6 

InehM. 
0.0008 
0.0039 
0.0047 
0.0071 
0.0005 
0.011 
0.013 
0.016 

Inehst, 

............ ......I 

Poundt. 
110 
120 

IneKe§. 
0.017 
O.Olfi 

Inehet. 

20 

18,608,501 

30 

130            6. 010 

40 

140            0.020 

19,34^368 

50 

i5,52i.868 
1 

60 

BrokB  about  5  seconds  after  putting  on  weight. 
Breaking  load,  140  pounds. 

80 

' 

100 

17,463,665 

0 

0.000 

Modulus  of  rupture,  E  =^  JL_(P+8)  =4,776. 

«  vur 

TABLE  XXXir.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  12.— Material:  Alloy.— Orifnnal  mixture:  01.71  Cu,  38.29  Sn.— Dimensions:  Length 

between  supports,  22".    Breadth,  0.992".    Depth,  1.000". 


6 

0.0008 

20 

0.0079 

25 

0.0087 

30 

0.0095 

40 

0.018 

50 

0.021 

60 

0.028 

8,  944,  893 
9, 603, 089 

6,  im,  :i46 
6, 133, 626 


0     1 0.0071     ' 

70  0.032       6.205,519 

0      1        0.0103      

80    I  Broke  just  as  wei{;ht  was  applied. 
Breaking  load.  80  pounds. 

Modulus  of  rupture,  R=|^(P+3)=2.76L 


TABLE  XXXm.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  13.— Material:  Alloy.— Original  mixture:  56.32  Cu,  43.68  Sn.— Analysis:  M.70C1I, 
43.17  Sn.— Dimensions:  Length  between  supports,  22".    Breadth,  0.008".    Depth,  0.900". 


7 

0.0008 

10 

0.0016 

20 

0.0039 

25 

0.0055 

30 

0.0068 

0 

35 

0.0079 

0.000 


16, 910, 087 


14.885^189 


40 

50 

0 

60 


13,902,801 
14,683,518 


0.000 
Broke  Just  as  weight  was  applied. 


Breaking  load,  60  pounds. 

Modnlo.  Of  rupture.  R=|^(P+8,=a.m 


TABLE  XXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na  14.— Material :  Alloy.— Original  mixtiiro:  51.80  On,  48.20  Sn.— Analysis:  Top, 68.27 
Cu,  37.58  Sn.  Middle,  51.62  Cu.  48.09  Sn.  Bottom,  38.41  Cu,  61.04  Sn.— Dimensions:  Length  between 
supports,  17|".    Breadth,  1.005".    Depth,  0.0992". 


12 

0.0024 
0.0055 
0.0087 
0.0005 
0.012 

80 

0.028 

4,866,028 

20 

0 

90 

100 

0 
110 
120 

0 
130 
140 
Break 

0.018 

26 

4, 851, 187 

0.082 
0.035 

80 

4.824.442 

40 

4,925.760 

0.015 

0 

0.0071 

0.087 
0.040 

60 

0.018 
0.018 

4,611,661 

00 

6^174,646 

0.017 

0 

0.0087 

0.040 

66 

0.021 

Broke  in  pi 

iBfilnir  wfilffh 

ton  bar. 

0 

0.010 

[mr  load.  1&  nonnda.   " 

70 

0.022 

-                              -               Of 

Modulus  of  rupture,  Ba=|^.^(I 

^     ■    A^            A    tf^B^ 

0 

ecu 

>+8)8s8,8r7. 

«■  VI* 

TESTS  OF  KETAL8. 
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RECORD  OF  TESTS  BT  TRANSVERSE  STRESS-<:!ontinaed. 

IFInt  Maries.^ 

MMOfuuncAL  Labobatobt,  DEPAxnasNT  OF  ExoonEMBQio,  &rievM»  InsTrnm  ov  TioniroLooT. 

TABLE  XXXV.— ALLOY  OF  COPPSB  AND  TIN. 

Original  mark;  No.  15.— Matorial:  Alloy.— OrlKfauJ  mixture:  47.95  Cn,  52.05  SxL—ADftlysIs:  47.61  Go, 
52.14  Sn.— Dimeiifliona:  Length  between  sapporta,  22".    Breadth,  0.090".    Depth,  1". 


Xoad. 

Deflection 

Set 

Modulus  of 
elaatieity. 

Load. 

Defleotion 

a 

Set 

Hodulns  of 
elasticity. 

JPowndi, 

8 

Ineheg, 
0.0008 
0.0024 
0.0047 
0.0056 
0.0071 

Ineket. 

Pcvndi. 

70 

80 

0 

90 

100 

105 

Brea 

Jneket. 

0.0126 
0.0142 

Inehtt, 

12 

15,006,106 

90 

1 

0.000 

26 

14,177,779 

0.0166 

0.019 

Broke abon 

80 

14.71&iai 

0 

0.000 

t  ft  BAeondA  After  nnttinir  on  the 

85 

0.0071 
0.0079 
0.0087 
0.0108 

weight. 

rinir  load.  tOK  iMmndA. 

40 

50 

17.089,180 

60 

Hodulns  of  mptore,  B=~  j^  (P+8)— 8,600. 

«   v« 

» 

TABLE  XXXVL— ALLOY  OF  COPPq^Et  AND  TIN. 

Original  mark:  No.  16.— Ifaterial;  Alloy.— Original  mixture:  44.63  00.  65.87  8n.— Analysis:  44.52  On, 
65.28  Sn.— Dimensions:  I^ength  between  supports,  22".    Breadth,  1".    Depth,  0.094". 


6 

0.0008 
0.0016 
0.0032 
0.0047 
0.0063 
0.0087 

""i'oii'" 
a  015 

0.017 
0.018 

0 
110 
120 

0 
180 
140 

0.000 

10 

0.021 
0.025 

20 

18,444,141 

80 

19^607,062 

0.0016 

40 

0.026 

llrrkbA     imi 

50 

16;  828, 869 

mjifllaiAlv     ftftflir     nntiinflr     ab 

0 

0.000 

weight. 

rlner  IaaH.  liA  TinniiilA. 

60 

70 

80 

Hodolus  of  mptoie,  B=  ^    *   (P+8)a4|774k 

100 

15^660,785 

TABLE  XZXYIL— ALLOT  OF  COPPEB  AND  TIN. 

Original  mark:  No.  17.— Material:  Alloy.— Original  mixture:  41.74  On,  5&26  Sn.— Analysla:  1VM)^8( 
Cn,  53.80  Sn.  Bottom,  38.88  On,  60.79  Sn.  Meua,  42.38  Cn,  67.30  Sn.— Dimensions:  Lengfchi  between 
supports,  22".    Breadth,  1.002".    Depth.  O.OOO''. 


12 

0.0008 

0.0016 

0.0089 

0.0063 

0.0079 

0.0096 

0.010 

0.012 

0.013 

0.014 

160 

0 
160 
170 
180 
100 
200 

0 
210 

Biea^ 

a  017 

20 

a  0016 

80 

0.022 
0,024 
a02B 
0.028 

a  030 

20^451,411 

40 

60 

18,752,012 

19,415,409 

60 

70 

18,289,876 

80 

10^204,872 

o.ooa« 

BmkA  nhnn 

90 

ao42 

it.  9A  BAnnnilA  n.#lkMP 

100 

20,380,620 

AffMlvlnff  ^rftiffht. 

0 

0.000 

rlnir  VAlirlifc.  210  TwiniidA. 

120 

0.016 
0.017 

21,261,981 
28,288,907 

*'*^^^^'                     W        "                O           "^     — — w       f^^^^^^^.^W 

140 

Modulus  of  mptuie^  K^-s-  ts  (P+<)  ==7,171, 

^m 

w- 

26tm 
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TESTS  OF  METALS. 


RECORD  OF  TESTS  BY  TRANSVERSE  STRESS-Continned. 


HWHAnCAL  LABOEATOET,  DEPABnOQIT  OP  SKODOPUUHO,  STBVB5B  IHWITU'IM  OF  TiCBaOUWi: 

TABLE  XXXyni^^AIXOY  OF  COFPKB  AlTD  TIN. 

Oriffbial nark:  ISo.  18.— ICaterid:  Alloy.— Original  mlxtnre:  89.20  Co.  80.89  So.— Analyds:  S8J7 Co, 
61JK2  So.— Dimenaioiw:  Lmgth  botween  supporU,  22".    BraMlth,  0.888^'.    Depth,  1.808". 


Load. 

Deflectfon 

Sat 

H odulqa  of 
•laatlcity. 

Load. 

DeflbotioB 

Set 

ICodolaaof 
elaatieity. 

Poundf. 

4 

0.0008 

0.0032 

0.0039 

0.0047 

0.0087 

0.0108 

0.013 

0.016 

0.019 

0.021 

0.023 

^fMnap. 

Pounds. 
125 
150 
175 
200 

0 
225 

0 
2S0 
Breal — , 

Inehes, 

0.028 
0.035 
0.042 
0.047 

^TCOIvW* 

12,802,858 
11,749,228 
11,880,479 
11,580.144 

20 

25 

19,85^918 

30 

49 

0.0016 

50 

18,889,516 

0.060 

10.191.561 

60 

0 .0030 

70 

Broke  last  aa  weisht  w'bb  applied. 

80 

11,805.440 

90 

Modulna  of  rnptare,  &=-"-  r- 

2  04 

1 

100 

""*i2,*074,*306 

L  (P+8)8=,468. 

0 

0.0008 

I" 

< 

TABLE  XZZIX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Ko.  19.— Material:  Alloy.— Original  mistnre:  81.95  Co,  65.05  Sn.—Analyaia:  84.22  Cv, 
65.80  Sn.— Dimenaiona:  Length  between  aupporta,  22".    Breadth,  0.991".    Depth,  1.004". 


0 

0.0008 
0.0016 
0.0055 
0.0071 

100 

0 
120 
180 

0 
140 
150 
160 
Bnial 

a025 

a033 
0.036 

11,0U,801 

10 

0.0068 

20 

8^6G2,0U 

80 

0 

0.0008 

0.118 

40 

0.0108 
0.0134 

0.039 

0.043 

Broko  in  f>i 

8,628,265 
8^606^108 

CO 

10,006,444 

0 

0.0016 

atfinir  nn  -wa 

60 

0.017 
0.018 
0.A2I 

bJiur  load.  IfiO  nonnda. 

70 

"          '         '             fi     I 

80 

10,617,812 

Modolua  of  rupture,  B--^ . '  (P-HI)=B.884. 

2  DCP 

0 

0.0032 

TABLE  XL.— ALLOY  OP  COPPER  AlO)  TIN. 

Original  marks  No,  29.-^Mi>terlal:  AUoy.— Original  mixture :  28.72  Cu,  71.28  Sn.—Analyaia:  26.86  Co, 
73.80  Sn^^Dinenaiona;  Length  between  aupporta,  22".    Breadth,  0.990".    Depth,  L002". 


4 

aOOQ8 
0.0824 
0.0088 

aoos8 

0.012 
0.018 

a  018 

r 

;     130 

140 

0 

150 

160 

0 

180 

200 

0 

280 

840 

0.047 
0.051 

13 

29 

,.t 

0.014 

80 

0.056 
0.061 

**"o.'a75*" 

0.091 

7.860.468 

49 

•9,482,882 
««62%483 

50 

0.017 

60 

■' 

0 

'O^ooio 

5^991.889 

70 

0.028 

o.oaB 

0.088 
0.085    • 

ao29 

80 

9. 014, 694 

0.109 
0.121 

89 

8^889,978 

100 

7,942,  a» 

Broke  80  aec<«nda 

After  Atmlvli 

0 

(.a  0089 

Breaking  load,  240  ponnoa. 

120 

0.844 

^  ^       ft       a        .           M                                        «^           B          m         tf-*^   ■    ^ft          ^    *  ^^ 

0 

hMIO 

Modnlua  of  rupture,  R=^  -^  (P-ft)s8,087. 

«    VI 

w 
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BECOBD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

I  FirH  series,'] 

MacHAinoAL  Labobaiobt,  Bbpabthbiit  of  SNGiHXBBnfo,  Stbtxiib  iNmnm  OF  TicmroiiMT. 

TABIiB  XLI.— ALLOY  OF  COPPBB  Ain>  TIN. 

Oricinal  marlE:  No. 21.— Material :  AUoy.--Origliial  mixture:  24.38  Cn, 75.62  Sn.— Analysis:  28.36  Cn, 
70.29  Sn.— Dimenaloiftt:  Lengtli  between  rapports,  22''.    Breadtli,  1.002".    Depth,  0.996". 


Load. 

Deflection 

Set. 

Modulus  of 
elasticity. 

'^4/5d«'P+*) 

Load. 

Deflection 

Set. 

Modulus  of 
elasticity. 

6 

Inehet. 
0.0008 
a  0032 
0.0071 
0.0103 
0. 0142 
0.0158 
0.023 
0.029 
0.035 
0.041 

"""0.*064"'" 

Iniehes. 

Powndt 
20O 

0 
260 

0 
300 
350 

0 
860 
370 

InehM. 
0.086 

Indut, 

&  387, 063 

20 

0.028 

30 

12.914,205 
11,520,262 
10,255,393 

a  142 

6,018,747 

40 

a066 

60 

a  178 
0.230 

" '6.'245'"" 
0  2m 

4,606,751 
4,150,806 

60 

80 

9,849,141 
9,671,241 

a096 

100 

&  749, 481 
on  weight. 

120 

180 

Broke' 10  seconds  after  patUng 
Breakini;  load,  370  pounds. 

Modulus  of  rupture,  B  -  ^    ' 

2  oa 

0 

Ql0047 

150 

7,690,841 

0 

0.0096 

j  (P+3)=12,408. 

170 

a066 

0 

0.0166 

TABLE  XLIL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark :  No.  22.— Material:  Alloy.— Original  mixture:  21.18  Cu.  78.82  Sn.— Analysis :  20.25  Co, 
79.68  Sn.— Dimensions:  Length  between  supports,  22".    Breadth,  0.988".    Depth,  1.006". 


2 

10 

20 

S5 

40 

60 

80 

0 

90 

0 

100 

0 

120 

0 

150 

160 

]]il5ni. 


0.0008 

0.0047 

0.0079 

0.0096 

a  015 

0.018 

0.032 


0.039 
0.643' 


0.060 


0.089 
0l007 
0.124 


0.0047 


a0087 

'6.6ii8' 
o-'om" 


9^748,614 


7,962,908 
6,067.544 


6, 419;  710 


4^602,838 


a  134 

0.144 

8.645,678 

0.076 

0.164 
a  189 

8,801,606 

0.110 

0.203 
0.243 
0.263 
0.302 

• 

2,664^794 

0.189 

0.846 

2.888,866 

180 

InSm. 

0 

200 

In  10m. 

0 

225 

In  15  m. 

260 
In  15  m. 
0 
800 

Broke  20  seconds  after  putting  on  weight^ 
Breaking  load,  800  pounds. 

Modulus  of  mptue^  &  s  |.  ^  (P+8)sin^Q19L 
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TESTS  OF  METALS. 


BECORD  OF  TESTS  BY  TBANSVEBSE  STBESS-Continnad. 

MMCBAXICAL  LaBOKATOBT,  DbPABIMKIT  of  BKOUBIIIDIO,  ftriTBlIB  iMblllUf  OF  TBCmiOLOOT. 

TABLB  ZLIIL-.AIXOY  OF  COPPBB  AND  TDT. 

Original  marie:  Ko. 23.— Material:  AHoj.— Original  mixture:  15.19 Cn,  84.81  Sn.'-AnalyBia:  16.08  Cv, 
84.62  Sn.— Dimenaiona:  Length  between  aapporta,  22".    Breadth,  LOO*''.    Depth,  0.905". 


Load. 

Deflection 

Set 

Modnlna  of 
•hMticity. 

Load. 

Defleetion 

4 

Bet 

Hodnloa  of 
elaaticity. 

B=     ^-     (P44I 
4  a  M»*^^ 

Pounds, 
5 

Inchst. 
0.0U08 
0.0024 
0.0079 
0.0111 
0.021 
0.027 

Inchst. 

PoiMMk. 
•  Inlm. 
i      200 
1  Inlm. 
0 
210 
Inlm. 
220 
280 
240 
290 
0 
290 
Inlm. 
0 
260 
970 

0.291 
0.307 
0.885 

Ind^ 

10 

1,788^560 

20 

25 

7.082,180 

0.226 

40 

0.847 
0.866 
0.894 
0.425 
0.484 
0.535 

60 

6,888,216 

0 

0.005 

§0 

0.032 
0.048 

m 

0 

0.020 

1,277,885 

100 

0.071 

8,912,637 

a804 

0 

ao68 

0.579 
0.622 

120 

0.101 
0.133 
0.146 
a  185 
0.206 
0.221 
0.252 
0.256 
0.271 

140 

0.500 

150 

2,8381008 

0.721 

100 

850.558 
l±injr  on  WAiffht. 

170 

Srok^  About  $  w<!i} 

nda  aAmt  no 

In  2  m. 

Breaking  load,  270  poonds. 

180 

In  1  m. 

Modnloa  of  rapture,  R=^*^(P+8)  =9,063. 

190 

TABLE  ZLIT.— ALLOT  OF  COPPEB  AND  TIN. 

Original  mark:  No.24.~Material:  A11oy.--Original  mixtore:  11.84  On,  88.16  8n.— Analyaia:  lL49Cn, 
88.47  Sn.— Dlmenaiona:  Length  between  aapporta,  22".    fireadtii,  0.078".    Depth,  0.980". 


0 

0.0006 

0.0055 

0.0071 

0.0005 

0.013 

0.017 

0.022 

0.030 

Inlm. 
0 
220 
240 
290 
260 
0 
270 

In  2  m. 
280 

In  2  m. 
290 

1  Inlm. 

1      800 

1  In  20  a. 

0.436 

0.938 
0.676 
0.778 
0.884 

20 

0.841 

25 

11, 872, 635 
10, 408, 101 

80 

40 

948,990 

60 

9,288.203 

60 

0l747 

75 

0.075 
1.902 
1.997 
L029 
2.128 
2.962 
2.739 
1L840 

0 

0.0068 

100 

0.054 

5,908,312 

0 

0.0205 

125 

0.089 

0 

0.048 

140 

0.185 
0.199 

286,740 

MT>M1v  aftj^r   MA 

150 

2,815,341 

Bftr  hAnt 

0 

0.097 

1  pounds  waa  placed'  on  it,  and  hroke  m  nbont  20 
seconds.    Beading  of  deflection  J  oat  before  break- 
ing, 9.849  inohea. 
Breaking  load,  800  ponnda. 

160 

0.191 
0.219 
0.247 

170 

180 

0 

0.176 

190 

0.294 
0.841 

Modolna  of  rnptare^  R=|.  -^(P-f  8)ssl0,706. 

200 

1,788,934 

TESTS   OP  METALS.  389 

RECORD  OF  TESTS  BT  TRANSVERSE  STRESS— Gontinaed. 

KiCHAXICAL  LiLBOBATOBT,  DlPABTlIIlIT  OV  ESOnnnBINO,  SlEVSKB  iHIHTA'U'i'K  OF  TXCBSOLOGT. 

TABLE  XL  v.— ALLOY  OF  COPPBB  AND  TIN. 

Origiiua  mark:  Ko.  25.— Material:  Alloy.— Original  mixture:  9.7  Gn,  90.3  Sn.— Aaalyais:  8.57  Co, 
9L39  Sn.— DlmenaioiM:  Length  between  aupporta,  22".    Bieadtli,  1.002".    Depth,  1.006". 


Load. 

Deflection 

A. 

Set 

HodnluB  of 
elaatidty. 

Load. 

Deflection 

A 

Set. 

Modaltts  of 
elasticity. 

Poundt. 

4 

Jnehet. 
0.0008 
0.0032 
0.0068 
0.0095 
0.012 
0.018 
0.026 

Incks*, 

Poimdf. 
5*  lo- 
ok 40- 
7*  40- 
0 
160 
Leftl5» 
0 
160 
Left  Ik 
65- 
3h  25- 
5*  10- 
7«i  40- 
0 
160 
l>ftl5fc 
17^45- 
18*45- 
23*40- 
0 
160 

Inehe*. 
L691 
1.766 
L811 

IrtdtM. 

10 

20 

25 

7,966,988       i 

L731 

80 

L816 
2.584 

40 

60 

6,419,830 

2.466 

0 

0.0042 

I    2.607 

2.783 
2.968 
&186 

60 

0.035 

0 

0.0118 

70 

6.042 

0 

0.016 

80 

0.064 

4,050,298 

0 

0.024 

8.036 

100 

0.085 
0.106 

3,192,860 

1    8.798 

4.274 
4.349 
6.007 

Iniam. 
0 

""0.067*" 

120 

0.140 
a  195 
0.221 
0.819 

2,404,612 

In  10  m. 

140 

1,700,339 

5.053 

Jnl5m. 

.vaoT 

0 

a266 

T.Affc  AVAr  nitrfit  lunA  fnnnA 

140ialO- 

0.857 
L2n 

'""i.'284"* 
L294 
L319 
1.463 
L580 

broken  next  morning.     Total  deflection  before 
breaking,  nearly  8  inches.    Time,  160  poands  re- 
mained  on  the  bar  mare  than  56  hoars.    Breaking 
load,  160  ponnda. 

40^  10- 

Q 

L205 

150 

160 

880,781 

TnlOm. 

Modulna  of  mptore  Rs?   ^  (P-|-3)85,806. 

8  bd^ 

1*  10- 

ah  io> 

TABLE  XLVL— ALLOT  OF  COPPER  AND  TIX. 

Original  mark:  If o.  26.— Material:  Alloy.— Original  mixture:  4.29  Co,  95.71  Sn.— Analysis:  8.72  On, 
96.31  Sn.— Dimenalons:  Length  between  supports,  22".    Breadth,  1.006".    Depth,  1.006". 


7 

0.0008 

0.0016 

0.0055 

0.0071 

0.0103 

0.018 

0.025 

170 
0 
180 
100 
200 
In2m. 
In3m. 
0 
200 
210 
In2m. 
0 
210 

0.706 

10 

0.639 

20 

0.883 
1.048 
L186 
1.879 
2.127 

543,726 

25 

10.667,674 
8,613,200 

80 

448,816 

40 

50 

6,686,011 

0 

0.0068 

2.064 

60 

0.036 

""adii  " 

'"'0.*077"* 
0.123 

2.284 
2,560 
8,658 

0 

0.0166 

70 

0 

0.027 

8.509 

80 

2,840,501 
2,206.231 

100 
0 

"  0.091"* 

snppor 

Bsr  bent  rapidly  till  tray  reached  bottom  of 
tA.     Toti^  dfiflection  about  8  inrheA. 

126 

0.249 

0.871 
0.540 

1,859,802 

Breaking  load  (considered  to  be  that  load  wliich 
produces  a  deflection  of  3|  inches),  210  pounds. 

8   I 

0 

0.209 

160 

4.083,102 

160 

Modulna  of  mntnnt.  Rso  i>^/PJ-3)=sA.02B. 

—  — 1 ^   l/Mi- 

t     1  -/     -,-—-. 
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TEST8   OF  METALS. 


SECORD  OF  TESTS  BY  TRAKSVESSE  STBESS-Oontiiuifid. 

TABLB  XLYIL— AIXOT  OF  OOPFBB  ASD  TOT. 

MiCHAincAL  Labobatoet,  BsPAsniBrr  or  BMonnBiiiNi,  Bivvuu  I»wi'i'Ui«  of  TKHSOboor. 

Origtaulmsrk:  No.  27.~.liateffiil:  ADoj.-OrigliMl  mixtore:  1.11  Co,  96J9  8ii.-*AiMly«fe;  0.74 0«, 
99.02  8a.-»l)lm— iOM:  LmgUk  between  rapporte,  29".    BreMltb,  1".    Depth,  LOU". 


Loed. 

DeOectkm 

A 

• 

Bet 

Hodulnsof 
elMtlcitj. 

Loed. 

Defleetkm 

Set 

Hodolaa  ot 
eleatieity. 

^=4V'*-^^ 

6 

0.0006 
0l0Q24 
0.0067 

i«dUt. 

F9mnd». 

100 
In6m. 
0 
110 
In5m. 
0 
190 
In  16m. 
In46iii. 
1         0 
190  W5" 
0 
120 

Indtet, 

0.417 
0.621 

JndUf. 

640,567 

10 

20 

0.439 

0 

6.0694 

0.618 
0.6W 

26 

0.011 

6^771,617 

6 

0.0062 

0.639 

80 

0l014 

'"  "ioii"' 

0.736 
1  791 
1689 

438,737 

0 

6.0047 

40 

0 

aoon 

1459 

00 

0.088 

9,649,968 

Swl34 

0 

0.096 

1.078 

60 

0.065 

TjtA  nnder   air&iii  ovMmlirht.    and   bat! 

0 

6.044 

moraing  the  trey  wee  fSDond  to  heve  reeched  the 
bottom  of  the  supporte.    Final  deflection,  8.318". 
Breaking  load,  120  poonda. 

76 

0.106 
0.180 

'""o'iai"' 

0.806 

60 

1,198,637 

0 

6.146 

90 

Xn  6  VOL, 

ICodnloa  of  raptue,  B=*-  ^(P+8) =8,964. 

0 

6.209 

TABLX  ZLVHL— AIXOY  OF  COPPEB  AND  TCST. 

Original  mark:  Ko.  28.— ICaterial :  ABoy.— Original  mixtare:  0.567  On,  09.448  8n^— Analyeia:  0.82  Co, 
99.46  Hov— Dimenaiona :  Lengtii  between  aupporta,  22".    Breadth,  0.989"'.    Depth,  1". 


3 

0.0006 
0.0024 
0.0055 
0.0068 
0.0070 
0.0196 

aoi9 

14*5-. 
0 

110 
In  20  m. 
l*  50- 
Jn3h. 
4*  25- 
7*    5- 
0 

110 

120 
In  5  m. 
P45- 

130 
Tn5m. 
In  85  m. 

130 

L9«5 

10 

1 

L896 

90 

1.965 

1004 
1188 
1248 
1878 
1626 

25 

12, 380, 141 

11,688,387 

0,308,659 

7,649,838 

30 

40 

00 

""i'oSi" 

0 

60 

a027 
■  "0.087*' 

1579 

0 

0.0O79 

1634 
1650 
1701 
8.327 
1366 
1437 
1787 

70 



, 

0 

0.014 

80 

0.047 

4,810,688       ; 

0 

a021 

90 

0.067 

' 

0 

0.08i 

100 

0.063 
0.161 
0.199 
0.295 

3,872,617 

T.iAffc   nnilAi 

F    atr*!!!    AVMvnlarlit     am^   vkAvt 

In  6m> 

morning  the  tny  waa  found  to  have  leaehed  sap 
port.    Total  deflection,  8.114". 
Breaking  load,  180  poonda. 

In  10  m. 

In  40  m. 

0 

0.200 

100 

0.811 
0.823 
6.406 

110 

924,227 

Hodolaa  of  roptnre,  S~'  ^(P-f8)=4,431 

3ji6m. 

TESTS   OF  BiETALS. 
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EECORD  OF  TESTS  BT  TBANSVEBSE  STBESS-Continaed. 

JlkCILUIICAL  LaBOBATOBT,  BBPABmSKT  OF  SHOniKBUKO,  STEVMM  IXBIITUXB  OV  TlOHHOLOGT. 

TABLE  XUX.— BAB  OF  CAST  TIN. 

OiigioAl  mark:  Ka 20.— Material :  Bums*  tin,  oaat  in  iron  mold. — DImenaloiia:  Length  between snp- 

poit8,22''.    Bx«adtli,  0.90»".    Depth,  1.002". 


Loud. 

Deflection 

8«t 

Ifodolns  of 

Load. 

Deflection 

Set. 

Modulus  of 
elasticity. 

»=4A^^+*) 

J^MMUlff. 

8 

Jnehst. 
0.0008 
0.0032 
0.0056 
0.0005 

Inehet, 

Pounds. 
80h,ln6» 
0 

85 
IniOm. 

90 
90*.  10- 
0 
100 
IDnSm. 
In  20  m. 
0 
110 
Ti^iQm. 

Inehet. 
0.282 

^VvwHw* 

6 

0.286 

10 

0.840 
0  840 
0.906 
1.199 

""ilia"' 

1.824 
2,124 

20 

ft.  784, 888 

0 

0.0047 

24 

0.012 

a  015 

0.017 

ft.  218, 983 
0^039,908 

80 

L156 

86 

0 

0.0055 

^583,'i07"*  * 

40 

a  021 

0 

0.0095 

2.065 

45 

0.029 

2.882 

ft.  MS 

0 

a  015 

8. 617*848*'  " 

60 

0.041 

bottom  of  supports. 
Breaking  load,  110  pounds. 

0 

0.021 

00 

aoe2 

2,760.822 

0 

0.048 

8    I 

70 

0.104 

*"  d."2i8"" 

obaervecl  on 
idfitsbreadi 

Hodnlns  of  rupture,  Bsj  ^^(P+8)s8,740. 

0 

80 

0.088 

l.'02e^"75i"" 

of  bar  extending 

Cnok 
noroasbj 

i  under  side 
th. 

TABLE  L.— BAB  OF  CAST  COPPBB. 

Original  mark :  No,  80.— Material:  Lake  Superior  copper,  cast  in  cold  iron  mold.    Poured  very  hot.* 
Dimensions:    Length  between  supports,  22".    Breadth,  0.99".    Depth,  0.98". 


Load. 

Deflection 

A 

Poundg. 

Inehet. 

10 

0.0038 

20 

0.0000 

40 

0. 0116 

60 

0.0178 

'  80 

a0224 

100 

0.0288 

6 

120 

0.0665 

160 

0.0513 

200 

5 

240 

0L0729 

0.0064 

280 

0. 1280 

820 

0.1706 

860 

0.2258 

400 

0.8079 

5 

440 

0.4160 

480 

0.6665 

620 

0L754O 

600 

0.9165 

600 

1.1636 

5 

600 

L2106 

Set 


Inehee. 


0.0029 


0.0260 


0.2040 


1.0085 


Modulus  of 
elasticity. 

E-    ^''- 
•"-4AM» 


0, 851, 869 

9,908,816 

10, 208, 205 

9,886,458 


9,667,120 
8,910,400 
7,887,858 


7,112,607 
'5.'86i.'9i9' 


8,711,460 


1,970,274 


1,416.068 


Load. 


Poundt. 
640 
680 
720 
760 
800 
820 
840 
800 


Deflection 


JtidUt. 
L87 
L63 
1.98 
2.28 
2.60 
2.83 
8.09 
8.49 


Set. 


Inehet, 


Modulus  of 
elasticity. 

E— ^'^- 


1,065,786 


720.376 


Supports  slid  out  from  under  the  bar.  Placnd  on 
solid  supports  20  inches  apart,  and  applied  1,160 

Sounds,  which  gave  a  deflection  of  nearly  6  Inches. 
OTed  the  supports  to  10  inches  apart  uid  applied 
3,  OOO  pounds,  wnen  the  bar  broke  after  a  deflection 
of  8  inches. 
Breaking  load,  800  pounds. 

8P{ 
Modulus  of  rupture,  B=2^=29,848. 

NOTB.— The  figures  in  the  column  headed  "Load** 
are  the  applied  weights  plus  one-half  the  weight  of 
the  bar  between  the  supports.  The  scale-beam  woa 
balanced  so  as  to  read  8  pounds  (or  one-half  the 
weight  of  bar  between  supports)  when  the  bar  was 
in  position,  before  any  pressure  was  appUed  to  It. 
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TESTS   OF  BCETALS. 


RECORD  OF  TESTS  BY  TENSILE  STRESS. 


[ilfflMrte.} 
JjfacRAXiCAL  Labouliobt,  BEPjjmoDiT  ov  Bxoonanaxo,  BfnvssB  IivRnrnc  ov  Tbcbvoloot. 

TABLB  LL-«A8T  COPFBB. 
Original  mark :  Na  1  A.*]faterial :  Caai  copper.— IHinenaloiia :  "Lenxth,  9*.    Diameter,  0.7W". 


Potmcfa 

«t9C0 

6.825 

7,69C 

Broke 


Load  per 
aqaare 
inch. 


Pounda. 

ii.aoo 

ia.650 
14,180 
I  incli  from 


Elonsation 
inSmcbea. 


Inehf, 

0.01 
0.03 
0.03 
end  marked  C. 


Elongation  in 
parte  of  orig- 
mal  length. 


Ditimet<*r  of  IHu;tored  aection,  0. 790  inch. 

Beverol  blowfaolee  in  section;  estimated  area  of 
blowholea,  0.U53  square  inch. 

Tenacity  per  square  inch  original  aection,  14,180 
pounds. 

Tonncitv  per  sqoare  inch,  deducting  blowholea, 
15,865  pounds. 

Tenacity  per  square  inch  in  fhtotored  sectinB. 
14,464  pounds. 


TABLE  LIL— CAST  COPPER. 
Original  mark:  Ko,lB.— Katerlal:  Cast  copper.— Dimenaions:  Length,  6".    Diameter,  .0799'. 


Load  per 
square 
inch. 


Elongation  Elongation  in 
in  5.00  parts  of  orig- 
inchea.         mal  length. 


jPoimd«.     Potmdf.         Inehu. 
4,650  9.100  0.01  .0017 

5J)70  11,340  0.02  .0033 

Broke  about  20  seconds  after  stxaln  was  applied 
I  inch  from  B  end. 


Diameter  of  fractured  section,  0.792  inch. 

Estimated  area  of  blowholes  in  section,  0.0575 
square  inch. 

Tenacity  per  aquaie  ineh  in  original  aection, 
11,840  pounds. 

Tenacity  per  square  inch,  deducting  blowholes, 
12JH14  pounds. 

Tenacity  per  square  Inch  in  fhictured  section, 
11,600  pounds. 


TABLE  Lnr.— ALLOY  OF  COPPER  AlTD  TIN, 

Original  mark:  Na 2  A.— Material :  Alloy.— Original  mixture:  98.1  Cn,  1.9  Sn.—Analysis :  07.95  Cn, 

1.88  Sn.— Dimensions :  Length,  6".    Diameter,  0.796". 


Load  per 

Elongation 

Elongation    in 

Load  per 

Elongation  Elongation     in 

Load. 

square 

in   4.98 

parts  of  orig- 
inal length. 

Load. 

square 

in    4.98       piirtM  of  orig- 
inches.          inal  length. 

inch. 

inches. 

inch. 

Pound: 

Poundt. 

InehM. 

^Povnd9, 

Poundt. 

Jndi«$. 

- 

4,310 

8,620 

0.01 

.0020 

11,600 

23,200 

0.56 

.1125 

5,110 

10,  220 

0.02 

.0040 

12,000 

24.000 

0.62 

.1245 

5,390 

10,780 

0  03 

.0060 

12,600 

25l200 

0.78 

.1566 

5,700 

11,400 

0.04 

.0080 

Broke  at  A  end. 

6,860 

12, 700 

0.06 

.0120 

At  10,800  the  elongation  was  observed  to  increase 

0 

""l3,600' 

Set  0.05 
0.08 

with  time. 

6,800 

.0160 

Diameter  of  Amctnred  section,  0.730  inch.       • 

7,250 

14, 500 

0.11 

.0220 

A  large  number  of  blowholes  in  the  fractured 

7,570 

15, 140 

0.14 

.0281 

section,  Dutthelrsize  was  too  small  to  be  measured. 

8,300 

16,  6(10 

0.22 

.0442 

Tenacity  per  square  inch  original  section,  25,200 

8,960 

17,920 

0.27 

.0642 

pounds. 

9,450 

18,000 

0.31 

.0623 

Tenacity  per   aquare  inch  fhusinred  section. 

10,000 

20,000 

0.38 

.0763 

80,104  pounds. 

10.800 

21,600 

0.49 

.0084 

• 
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BECOBD  OF  TESTS  BY  TENSILE  STBESS-Continaed. 

ICiciLAincAL  Labobatobt,  DiPABTMicirT  OF  Enodixbiiino,  STBTZxa  ImmuTi  OF  Tbcbvoloot. 

TABLE  LIY.— ALLOY  OF  COPPEB  AJSTD  TIN. 

Original  mark;  No.  2  B.— Material:  ABoy.— Original  mixtora:  M.1  Co,  1.0.  Sn.— Analyala:  97.88  Cu, 

1.92  Sn.— ODimenaiona:  Length,  41".    Diameter,  0.798". 


Load. 


Fcundg, 

4,725 

6,100 

6,560 

6^000 

7.520 

0 

7,860 

8,220 

8,030 

9,270 

9,876 

10,610 

11,250 


Load  per 
aqnare 
Inoh. 


PoundM. 
9,450 
12,200 
13.120 
18,980 
15,040 


15,720 
16,440 
17,860 
18,540 
19,750 
21,220 
22,500 


Elongation 
in4ittcliea. 


Inehet. 

a  01 

0.03 
0.04 
0.06 

a  10 

Set  a  10 

ail 

0.13 
0.16 
0.20 
0.24 
0.30 
0.35 


Elongation  in 
paru  of  origi* 
nallengtii. 


.0025 
.0075 
.0100 
.0150 
.0250 


.0275 
.0325 
.0400 
.0600 
.0600 
.0750 
.0875 


Load  per 
square 
Inoh. 


Elonpatlon 
in4inohea. 


Elongation  in 
parte  of  oxigi- 
nnl  length; 


Pound$.    Pounds.        JimAm. 
11,690  28,380  0.40  .1000 

11,980  23,960  0.44  .1100 

Broke  1|  inches  ftom  B  end. 

Fractured  section,  elllptioal  diameters,  0.717  and 
0.780  inch. 

One  blowhole,  area  0.059  square  inchj  the  reet 
of  the  surfSsoe  firee. 

Tenacity  per  square  inoh  of  original  aeotion, 
28,960  pounoa. 

Tenacity  per  square  inoh,  deducting  Uowhole, 
27JL66  poanas.   * 

Tenacity  per  square  inch  in  fractured  aectioo, 
29,142  pounoa. 


TABLE  LV.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.8  A.~Material:  Alloy.— Original  mixture:  96.27  Cu,  8.73  8n.— Analysla:  96.16  Cu, 

8.71  Sn.— Dimensions:  Length,  6".    Diameter,  0.798". 


Load  per 

Load. 

square 

inch. 

PowuU. 

Pounds. 

6,000 

12,000 

7,850 

15,700 

9,200 

18,400 

9.850 
0 

19,700 

11,000 

22,000 

11,580 

23,160 

12,000 

24,000 

12,5.30 

25,060 

18,150 

26,800 

In  Im. 

13,780 

27,560 

14,  ISO 

28.300 

14,650 

29,300 

Elongation 
in  6  inches. 


Inehes, 
0.01 
0.02 
0.06 
0.10 

Set  0.09 
0.18 
0.24 
0.29 
0.36 
0.40 
0.45 
0.48 
0.54 
0.61 


Elongation  in 
parte  of  origi- 
nal length. 


.0017 
.0038 
.0100 
.0167 


.0300 
.0400 
.0483 
.0600 
.0667 
.0750 
.0800 
.0900 
.1017 


Load. 


Pounds, 
15,200 
15,480 


Load  per 
square 
inch. 


Pounds. 
80,400 
80,960 


Elongation 
in  6  inches. 


Inches. 

0.70 

a79 


Elongation  in 
parts  of  origi- 
nal length. 


.1167 
.1817 


Broke  1)  inches  ttom  C  end. 

Diamet*<r  of  ftaotured  section,  0.606  inch. 

One  blowhole  in  center  of  specimen,  extending 
through  about  3  inches  of  its  length.  Area  of 
blowhole  at  fractured  section,  0.076  squioe  inch. 

Tenacity  per  square  inch  original  section,  30,960 
pounds. 

Tenacity  per  square  inch,  deducting  blowhole, 
86^509  i>ounais. 

Tenacity  per  square  Inoh  fraetnred  section, 
40, 687  pounds. 


TABLE  LVL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  8  B.— Material:  Alloy.— Original  mixture:  96.27  Cu,  8.78  Sn.— Analysis:  95.96  Cn, 

8.80  Sn.— Dimensions:  Length,  5^".    Diameter,  0.798^'. 


Load. 


Pounds. 

6,050 

8.120 

10,000 

0 

10,850 

11,550 

12,840 

12.950 

13,450 

18,880 

14.440 

15,000 

15,500 

16b  000 


Load  per 
square 
inch. 


Pounds. 
12,100 
16,240 
20,000 


21,700 
23.100 
24,680 
25,900 
26,900 
27,760 
28,880 
80,000 
81,000 
82^000 


Elongation 
in  5  inches. 


Inches, 
0.01 
0.03 
0.05 

Set  0.04 
0.08 
0.12 
0.19 
•  0.24 
0.80 
0.84 
0.89 
0.46 
0.52 
0.62 


Elongation  in 
parts  of  origi- 
nal  length. 


.0020 
.0060 
.0100 


.0160 
.0240 
.0380 
.0480 
.0600 
.0680 
.0780 
.0920 
.1040 
.1240 


Load. 


Pounds. 
16.400 
16,520 


Load  i>er 
square 
inch. 


Pounds. 
82,800 
83,040 


Elongation 
in5inchea. 


Inehss. 
0.68 
a77 


Elongation  in 
parts  of  origi- 
nal length. 


.1860 
.1540 


Broke  in  middle. 

Diameter  of  fractured  section.  0.686  inch. 

Two  blowholes  in  sur&ce  of  fracture. 
0.0295  square  inch. 

Tenacity  per  square  inoh  original  section,  88,040 
pounds. 

Tenxkcity  per  square  inch,  deducting  blowholes, 
85J[12  pounds. 

Tenacity  per  square  inoh  flraotnred  section, 
44,606  pounds. 
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RECORD  OF  TESTS  BT  TENSILE  STRESS— Contmaed. 

{Firtt  §frie$,'i 
ICiCHAincAL  Labobatort,  Dbpavimkiit  or  SMouinRixo,  SravsKs  iKBimrni  ov  TacmroLOor. 

TABUS  LVIL— ALLOY  OP  COPPER  AND  PIK. 

Original  mark:  No.  4  A.— Material:  Alio  v.— Original  mixtare:  92.8  Co,  7.2  Sn.— Analysis:  92.14  Co, 

7.84  8n.— Dimenaiona:  Length,  ft'.    Diameter,  0.798". 


Load. 


Founds. 

5^100 

8,000 

10,000 

10,760 

11,410 

0 

11,900 

12,800 

13,140 

14,000 


^-^^  P*""    Elongation 
•2-f"   inSiShea. 


10,200 
16.000 
20,000 
21. 620 
22.820 


23.800 
25.6U0 
26,280 
28.000 


Inches, 
0.01 
0.03 
0.03 
0.05 
0.09 

Set  0.08 
0.11 
0.14 
0.21 
0.27 


Elongation  in 
parts  of  origin 
nal  length. 


.0020 
.0010 
.0060 
.0100 
.0180 


.0220 
.0280 
.0420 
.0540 


Load. 


Pounds. 
14,610 
14.660 


^^^^  P*'  '  Elongation 
J?^"Mn5iShea. 


Pounds. 
29,220 
20,800 


0.87 
0.89 


Elongation  in 
porta  of  origip 
nal  length. 


.0740 
.0780 


Broke  1|  iaohea  ftom  G  end. 

Diameter  of  firaetiired  aection,  0.730  inch.  Ko 
blowholes. 

Tenacity  iier  aqoars  inch  of  original  aectian, 
29.300  pounds. 

Tenacity  per  aqoaxe  inch  in  firaotnred  seetion, 
85,002  poonas. 


TABLE  LTnL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  4  B.~MateTial:  A1l07.~0rigiBal  mixture:  92.8 On,  7.2  Sn.— Dimeoalons:  Length, 

5i".    Diameter,  0.798." 


Load  per 

Elongation 

Elongation     in 

Broke  1|  inches  from  D  end. 

Load. 

sqnare 

in      5.23 

parts  of  origi- 

Dismeter of  Ihustured  sectioB,  0.787  inch.    No 

inoh. 

inohes. 

nal  length.        1 

blowholes. 

Tenacity  per  sqoare  ineh  of  original  seotion, 
27.780  pounds. 

Pounds 

PoilfMtff. 

Jndtss. 

Tenacity  per  sqnare  inch  in  ihtetorad  section, 
82^669  ponnoa. 

8.000 

16,000 

0.01 

.0019 

10,000 

20,000 

0.02 

.0089 

11.000 

22.000 

0.03 

.0057 

11,700 

23,400 

0.05 

.0096 

12,000 

24,000 

0.07 

.0034 

0 

Set  0.06 
0.09 

12,600 

25.000 

.0172 

18,680 

27,360 

0.16 

.0306 

• 

13.890 

27.780 

0.17 

.0826 

TABLE  LIX.— ALLOY  OF  COPPER  AJSTD  TIN. 


Otiginsl  mark:  No. 

6  A.— Material:  Alloy.-^riginal  mixture:  90  Co,  10  8n.— Analysia:  90.U  Co, 
9.66Sn.— Dimenaions:  Length,  3.4".    Diameter,  0.798". 

Load. 

Load  per 
sqnare 
inch. 

Elongation 
in  3.4  in- 
ches. 

1 
Elongation     in 
parts  of  origi- 
nal length. 

Broke  1|  inches  fnm  C  end. 

Diameter  of  fractured  section,  0.746  inch. 

A  few  very  small  blowholes. 

Tenacity  per  square  inch  in  original  section, 
26j720  pounds. 

Tcnacitv  per  square  Inoh  in  fk«o(iired  section, 
30,649  pounoa. 

Pounds. 
4,700 
7.640 
12,340 
12,760 
13,260 
13,360 

Pounds. 

9.400 
15^280 
24,680 
25, 520 
26,520 
26.720 

Inekss. 
0.01 

ao2 

0.00 
0.10 
0.13 
0.14 

.0029 
.0059 
.0176 
.0294 
.0384 
.0412 

TABLE  LX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  5  B.— Material:  Alloy.—Original  mixtare:  90  Co,  10  8n.— Analysis:  90.43  Co, 

9.50  Sn.— Dimensioos:  Length,  3.45^'.    Diameter,  0.796". 


■ 

Load  per 

Elongation 

Elongation     In 

Broke  at  B  end. 

Load. 

sqnare 

in      3.45 

parts  of  origi- 

Diameter of  fractared  seotion,  0.760  inoh.    No 

inch. 

inches. 

nal  length. 

blowholes. 

Tenacity  per  sqnare  inch  in  original  seotioD, 
27j000  ponnda. 

Pounds. 

Pounds. 

Jnokss, 

Tenacity  per  aqnare  |noh  in  fraetored  seotion, 
29,761  ponnda. 

a  220 

16,440 

0.01 

.0029 

10,300 

20,600 

a03 

.0087 

11,075 

22,150 

0.06 

.0174 

12,000 

24,000 

0.07 

.0203 

12,680 

25,360 

0.09 

.0261 

0 

Set  0.08 
0.11 

13,250 

26.500 

.0319 

18.500 

87,000 
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RECORD  OF  TESTS  BT  TENSILE  STRESS-^Continaed. 

MEcaujooAh  Labobatobt,  DBPABmurr  of  SvoDmsnio,  Smvxn  IxgrnvTE  ov  Tbobkoloot. 

TABLE  LXL— ALLOY  OF  COPPSB  AND  TIN. 

Original  mark:  Xo.  6  A.-~lf aterial :  Alloy.—Original  mixtare :  88.67Gn,  18.43  Sn.—Aiialyals:  87.16 On, 

12.69  Sn.'Dimeiuiions:  Length,  4^*.    Diameter,  0.798''. 


Load. 


10.060 
12,000 
18,200 
18,860 


Load  per 
aqaare 
inoh. 


Pounds. 
20,000 
24,000 
16,400 
26,706 


Blongation 
in  4.87 
inohea. 


IfUhSM, 

0.01 
0.08 
0.06 
0.09 


Blongatinn  in 
parts  of  origi- 
nal length. 


.0020 
.0082 
.0128 
.0186 


BrolEe  I  inch  ft-om  G  end. 

Diameter  of  fractured  seetion,  0.702  Inch. 

One  blowhole,  elliptioal,  0.18  x  0.06  inch  diam- 
eters. 

Tenacity  per  square  inoh  origina]  seotion,  26,700 
pounds. 

Tenacity  per  sqnaie  inch  deducting  blowhole, 
27|162  pounds. 

Tenacity  per  square  inch  fhMitared  section, 
27,098  pounds. 


TABLE  LXn.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  Ka  6  B.— Material:  Alloy.— Original  mixture:  86.67  Cn,  13.48  Sn.— Analysis:  87.15  Cn, 

12.77  Sn.—>Dimensions:  Lragth,  if.    Diameter,  0.798". 


Load  x»er 

Lead. 

square 

inoh. 

Poundi, 

Poundt. 

7,000 

14,000 

10,800 

21,600 

11,000 

22,000 

11,800 

28,600 

18.060 

26,100 

13,500 

0 

HOOO 

27,000 

28,000 

14,700 

20,400 

15,000 

80,000 

0 

Elongation 
in  6  inches. 


Inehet. 
0.01 
0.02 
0.08 
0.04 
0.06 
0.09 

Set  0.08 

ail 

0.14 

0.18 

Set  0. 17 


Elongation  in 
parts  of  origi- 
nal length. 


.0060 
.0040 
.0060 
.0080 
.0120 
.0180 


•  0220 
.0280 
.0360 


Load. 


Poundt. 
15,680 
16,000 
16,080 


Load  per 
square 
inch. 


Pound». 
81,160 
32,000 
83,160 


Elongation 
in6inuhee. 


Inehet. 
0.21 
0.24 


Bkngatfon  in 
parts  of  origi- 
nal length  - 


.0420 
.0480 


Broke  1  inch  from  D  end. 

Diameter  of  fractured  section,  0.778  inch.  "So 
blowholes. 

Tenacity  per  square  inch  original  section,  82,160 
pounds. 

Tenacity  per  square  inoh  fraetnied  section,  84,263 
pounds. 


TABLE  LXIIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Ko.7  A.^Material:  Alloy.— Original  mixture:  80  Cu,  20  Sn.— Analysis:  80.99 Cn,  18.92 

Sn. — Dimensions:  Length,  6".    Diameter,  0.798^'. 


9.860 
14.000 
16,800 


19,700 
28,000 
83,600 


0.01  .002 

0.02  .004 

Broke  in  middle. 


Diameter  of  fractured  section,  0.706  inch. 
One  blowhole,  irregular-shaped,  about  0.10  inch 
diameter. 


Tenacity  per  squaio  inch  original  section,  88,600 
pounds. 
Tenacity  per  square  inch,  deducting  blowhole^ 


TABLE  LXIV.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark :  No.  7  B.— Material :  Alloy.— Original  mixture :  80  Cu,  20  Sn.— Analysis :  80.90  Cn,  18.75 

Sn.— Dimensions:  Length,  4^'.    Diameter,  0.708". 


10,000 
15,140 
16,180 


0.01 
a  02 


.002 
.004 


Broke  at  D  end,  at  the  iUlet 


Diameter  of  fractured  section.  0.800  inch. 
Tenacity  per  square  inch  original  section,  82,860 
pounds. 


TABLE  LXV— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.8  A.— Material:  ABoy — Original  mixture:  76.88 Cn,  28.68  Sn.— Analysis:  76.67  Cu, 

28.24  Sn.— Dimensions:  Length,  6".    Diameter,  0.796". 


Broke  at  10,800  ponnda  at  A  end. 
Elongation  Just  perceptible  to  touch  of  ealipers. 
Sovonul  small   blowhoka.     Area  about  0.016 
square  inolk 


Tenaelty  per  square  inoh  original  seotion,  20,600 
pounds. 

Tenacity  per  squairs  Ineh,  deducting  blowholea 
21,281  pounds. 
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BECORD  OF  TESTS  BT  TENSILE  STBESS-Contiimed. 

Hmcoaxical  Labobatobt,  DBPAsncnrr  of  Xnodisibiso,  Stbvbrb  Imnrvn  or  TwanoLcwr. 

TABUS  LXVL— AXXOY  OF  COPPER  AND  TOT. 

OriciDal  mark:  Ka  8  B.— ICatorial :  AUoy..-OrigliiAl  mixtora:  78.82  Co,  28.68  Sa Analydbi:  78.80  Co, 

23.28  Sn.— I>iiDeii»i4Mis :  Length,  H".    Diameter,  O.TSS''. 


Broke  at  11,710  pofqnda.  I  inch  from  D  end. 
'No  ehmgaiion  tnat  ooiua  be  detected. 


TABLE  LXYIL-ALLOY  OF  COPPBB  AHB  TEET. 

Original  mark:  17o.9  A.— Katerlal:  Alloy.— Original  mixture:   70  On,  80  8n.— Analyvia:  80.90  Cn, 
28.85  Sn.— Dimenaiona:  Length  of  tomed  portion,  1".    Diameter,  0.066''. 


Had  diflScnlty  in  setting  the  piece  in  the  Jawa 
of  the  tensile  machiae,  aa  the  alloy  waa  haraer 
than  the  steel  facea  of  the  Jawa. 

At  2,000  ponnda  atress  the  piece  slipped  ont  from 
^e  jawa,  and  again  at  4, 300  and  1,420  pounds. 

Beaet  each  time. 

At  8,890  ponnda  the  piece  broke  in  the  square 


portion,  1  inch  trom  the  A  end  of  the  turned  part. 

Measurement  of  fSractured  aection,  1  inch  x  0.90S 
inch. 

Tenacity  of  section  fractured,  per  square  Ineh, 
7,008  poanda. 

Tenacity  of  droolar  aeotlon  (unbroken),  9,121 
pounds  plui. 


TABLE  LXyHL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Ko.9  B.— Material:  Alloy.— Origfaial  mixture:  70  Cu,  80  Sn. 

28.92Sn.—Dimenalona:  Length,  1".    Diameter,  0.972". 


.--Analyaia:  89.77  Co, 


Broke  in  turned  portion,  at  8,090  ponnda. 


Taiadty  per  square  Inch,  4^164  ponnda. 


TABLE  LXIX.— ALLOY  OF  COPPER  AKD  TIN. 

Original  mark:  Ko.  10  B.— Material:  Alloy.— Original  mixture:  88.25  Cn,  81.75  Sn.— Aiialyaia:  68.87  Cn, 
31.30  Sn.— Dimenaiona :  Rectangular  section,  0.994  x  1.005^'.    (Too  brittle  to  be  turnea  In  la^e.) 


Slipped  from  the  Jaws  of  the  tensile  machine  at 
fiOO.  630,  and  775  pounda. 

Broke  at  1,6;!0  pounda,  in  the  Jaws,  |  inch  frtmi 
end  of  piece  marked  D. 

The  piece  remaining  after  thia  teat  was  too  abort 


to  be  teated  Airther  in  the  same  machine,  and  it 
was  sent  to  Messrs.  Ri^hl6  Bros.,  PhUadelphia, 
who  tested  it,  and  reported  its  strength  at  1,800 
pounds  per  aquare  inca. 
Tenadty  per  aquare  inch,  1,620  pounda. 


TABLE  LXX— ALLOY  OF  COPPER  AITO  TIK. 

Original  mark:  Nail  A.— Material:  Alloy.— Original  mixture:  65  Cn,  85  Sn.— Analyaia:  65.81  On, 

84.47  Sn— Dimensions:  Length,  1".    Diameter,  0.974". 


Broke  in  middlci  at  1,770  pounds. 


TABLE  LXXI— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  11  B.— Material:  Allor.— Original  mixture:  85  Cu.  85  Sn.— Analyda:  664)6  Cn, 

84.47  Sn.— Dimensions:  Length,  1".    Diameter,  0.975". 


Slipped  from  Jaws  of  tensile  machine,  at  1,520, 
1,680,  and  1,775 pounds. 

Broke  at  :i,02o  pounda,  in  the  Jaws.  }  inch  ftt>m 
D  end,  and  in  the  square  portion  of  the  specimen. 


Tenacity  of  fractured  section  per  square  inch, 
2,025  pounds. 

Tenacity  of  turned  portion  <nnbroken),  2,712 
pounds  plus. 


f  TABLE  LXXn.-AXLOY  OF  COPPER  AND  TIN. 

Original  mark:  Nal2A. — ^Material;  Alloy. — Original  mixture:  61.71  Cu,  88.29  Sn. — ^Dimenaiona:  Reei> 

angular  aection,  0.998"  x  1.004".    (Too  brittle  to  be  turned.) 


The  piece  12  A  broke  in  handling  into  two  pieces, 
marked  A  and  C. 

These  were  sent  to  Mesars.  Bi^hlA  Bros.,  Phila- 
delphia, who  reported  their  tenacity  to ' 


Na  12  A,  260  pounda  per  square  inch. 
No.  12  C,  1,126  pounds  per  square  inch. 
No.  12  B  broke  into  aeveral  pieoea  while  belBg 
turned  in  the  lathe. 
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BECOBD  OF  TESTS  BT  TENSILE  STRESS— Continued. 

IFirst  terieB.'i 

IbCRAinCAL  LADOBATOBT,  DSPARTXBIIT  of  BMODIBBBINO,  STBYBKB  iNSTXTim  OF  Tbohkoloot. 

TABLB  LXXIII^ALLOY  OF  COPPBB  AND  TIN. 

Originsl  mairk:  No.  13  A.— Materiid:  Alloy.— Original  mlxtare:  56.32 Cu,  43.68  Sn.— Analysis:  56.68  Co, 

3.11Sn.— Dimenaione:  Length,  1''.    Diameter,  0.9SI0", 


Broke  at  050  pounds  at  C  end  of  tamed  portion. 


Tenacity  per  square  Inch,  1,250  poands. 


TABLB  LXXrV.— ALLOT  OP  COPPBB  AND  TIN. 

Original  mark:  No.  13  B.— Material:  Alloy.— Original  mixtore:  56ua2 Cn,  48.68 8n.— Analysis:  66.82  Co, 

48.22  8n.— Dimensions:  Length,  1".    Diameter,  0.975". 


Broke  at  240  pounds,  in  the  square  porfiion  of  the 
specimen,  1  inch  from  the  D  end  of  the  turned 
part. 

Sent  the  larger  piece  remaining  to  Kessrs. 


Bi^hl6  Bros.,  who  reported  its  strength  to  be  1,650 
pounds  per  square  inch,  breaking  m  the  turned 
portion  near  the  shoulder. 


TABLB  LXXV,— ALLOY  OP  COPPBB  AND  TIN. 

Original  mark:  No.  14  A.— Material:  Alloy  .--Original  mixture:  61.8  Cu,  48.2  Sn.^Analysis:  62.27  Cu, 

37.58  Sn.— Dimensions:  l^gth,  1".    Diameter,  0.068". 


Broke  in  the  Jawa  of  machine,  in  the  square  por^ 
ticm,  }  inch  fh>m  C  end,  at  1;170  pounds. 

Tenacity  of  section  fhictured,  1,170  pounds  per 
square  inch. 


Tenacity  of  turned  portion  (unbroken),  1,600 
pounds  pltis. 


TABLB  LXXVI.— ALLOY  OP  COPPEE  AND  TIN. 

Original  mark:  No.  14  B.— Material:  Alloy.— Original  mixture:  51.8  Cu,  48.2  Sn.— Analysis:  38.41  Co, 

61.04  Sn.— Dimensions:  I^gth,  1".    Diameter,  0.798". 


Broke  at  1,970  pounds  in  middle  of  turned  por- 
tion. 


Tenacity  per  sqaare  inch,  8,040  pounds. 


TABLB  LXXVIL— ALLOY  OF  COPPEE  AND  TIN. 

Original  mark:  No.  15  A<— Material:  Alloy.— Original  mixture:  47.95  Cu,  52.025  Sn.— Analysis:  47.72  Co, 

51.00  Sn.— Dimensions:  Section,  1.005"  square. 


The  piece  No.  15  A  broke  into  two  pieces  in 
handling. 
The  broken  pieces,  marked  A  and  C,  weie  sent 


to  Messrs.  Eldhl6  Bros.,  who  reported  their  tenao* 
ity  tobo— 

No.  15  A,  000  pounds  i>er  square  inch. 

No.  15  C,  2,100  pounds. 


TABLB  LXXVin.— ALLOY  OP  COPPEE  AND  TIN. 
Original  mark :  No.  IS  B.— Material:  AUoy.— Analysis :  47.40  Cu,  52.20  Sn. 


TnJs  piece  broke  in  the  laUie  while  being  turned. 


Pieces  too  short  for  test. 


TABLB  LXXIX.— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  No.16  A.— Material:  Alloy.— OriginM  mixture:  44.63  Cu,  55.37  Sn.— Analysis:  44.62  Cu, 

55.15  Sn.— Dimensions:  Length,  1"    Diameter,  0.080". 


Broke  at  2,620  pounds  in  middle  of  turned  part. 


Tenacity  per  square  inch,  3,460  pounds. 


TABLB  LXXX.— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  Na  16  B.— Material:  Alloy.— Analysis:  44.42  Cu,  55.41  Sn.— Dimensions:  Length,  0^. 

Diameter,  0.708". 


Broke  at  1,280,  after  the  stress  had  been  applied 
Ibr  aevend  aeoonda,  at  D  end  of  tuned  part. 


Elongatifm  Just  perceptible  to  toi  oh  of  calipers. 
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RECORD  OF  TESTS  BT  TENSILE  STRESS-^Continiwd. 

MiCHAHiCAL  Laboratobt,  DspABTMnTT  OF  BsronfBBBnro,  &i'Bv«WB  lasiuu'iB  or  Twaaouoar, 

TABLB  LXXZL—ALLOT  OF  COPPBB  AND  TIN. 

Original  mark :  No.  17  A.— Material :  Alloy.— Original  miztnn :  41.74  Co,  5S.28  So.— Analyiia:  4ft.98  Cu, 

58.«>  Sn.— Dimttnaiona:  Length,  V.    Diameter,  0.708". 


Broke  at  1,130  poimda  k  inch  from  A  end. 
Kg  elongation  detectea. 


Tenacity  per  aqnare  inch,  2,200  pounda. 


TABLB  LZZXn.— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  No.l7B.~Katerial:  AHoy.— Original  mixtare:  41.74  Co.  58.86 Sn.~Analy8ia:  saSBCn, 

60.70  Sn.— Dlmenaiona:  Length,  V*.    Diameter,  0.780^'. 


Broke  at  2,780  ponnda  |  inch  from  B  end. 
No  elongation. 


Tenacity  per  aqoare  inch,  5,560  ponnda. 


TABLB  LZXZnL— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark :  No.  18  A.— Material :  Alloy.^Origtnal  mixtore:  80.20  On,  60.80  Sn.— Analyala  (So.  UOs 

88.37  Co,  61.82  Sn.— Dimenalona:  Lengtii,  6^'.    Diameter,  0.706". 


Broke  in  the  tenaile-maohlne  hefore  atrahi  wae 
applied,  with  the  weight  of  the  piaton  and  attaeh- 
menta,  ahout  100  ponnda. 


Tonaoity  doahtftil. 


TABLB  L1L2UUIV.-AXL0Y  OF  COPPBB  AND  TIK. 

Original  mark:  No.  18  B.-Material:  Alloy.— Analyala  (No.  18  C):  38.37  Cn,  61.82  So.— Dimenaiona : 

Length,  6"'.    Diameter,  0.786". 


Broke  ai  1,410  ponnda  2i  inchea  from  B  end. 
Blliptical-ehaped  hlowhole  in  fractured  sarihoe. 
Areis  0.12  square  inch. 


Tenacity  per  aqnare  inch,  2.820  ponnda. 
Tenacity  per  aqoare  inch,  deducting  blowhole^ 
8,711  poonda. 


TABLB  LXXXV.— ALLOY  OF  COPPBB  AND  TIST. 

Orighial mark:  Na  10  A.— Material:  Alloy.— Original  mixtaie:  84.06 On,  66.05 Sn.— Analyaia  (Na  IOC): 

84.22  Cu,  65.80  Sn.— Dimenaiona:  Length,  6".    Diameter,  0.708". 


Broke  1  inch  from  A  end  in  the  aame 
No.  18  A. 


Tenacity  doubtfliL 


TABLB  LXXXYL— ALLOY  OF  COPPBB  AJH)  TIN. 

Original  mark:  No.  10  B.— Material:  Alloy.— Analysl*  (No.  10  C):  84.22  Cn,  66.80  Sn.— Dimendoaa: 

Length,  6".    Diameter.  0.700". 


Broke  1  inch  from  D  end  at  1,600  poonda. 

Tenacity  per  aqoare  iabh,  8,871  poaada. 

TABLB  LXYXVIL-ALLOY  OF  COPPBB' A3n>  TIN. 

Origfaial  mark:  No. 20  A.— Material:  Alloy.— Original  mlxtue:  88.78 Cn, 71.88  SiL-^AnaMs:  96.87  Cn, 

78.08  Sn.— Dimenaiona :  Length,  6".    Diameter,  0.700". 

Broke  at  000  ponnda  2  inchea  from  C  end. 

Tenacity  per  aqnare  inch,  1,786  poonda. 

TABLB  LXXXYIIL— ALLOY  OF  COPPBB  AND  TIN. 

Oidginalmark:  Na  20  B.— Material:  Alloy.-^Origfaialmiztnxe:  28.72  Cn,  71.28  SbL-Analyala:  86.18CB, 

74.61 8n.—Dfanenaiona:  Length,  6^'.    Diameter,  6.706". 

Broke  at  750  poonda  at  D  end. 

Tenacity  par  aqoare  hMh,  1,500  poonda. 
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BECOKD  OF  TESTS  BT  TENSILE  STRESS- Continaed« 

IFini  Beries.'] 

HBCHAKIOAL  LABOBATOBT,  DBPABTMBXT  of  EKOOiUBDra,  STITBNB  IKBTITUTB  OV  TaCHKOLOGT. 

TABLE  LXXXIX.-.ALLOY  OF  COPPBB  AND  TIN. 

Origioal  mark:  Ko.  21  A— HCateiiftl :  Alloy.— ^Oiigisal  mixtuTe :  24.88  Cii,  75.62  Sn.—Analysis ;  22.80  Cn, 

76.89  Sn.— Dimensions:  BeotMigalar  section,  0.007"  x  1.007". 


Bar  Ka  21  contained  a  blowhole  which  extended 
tb  roughout  nearl y  its  whole  length.  The  tension- 
nieces  were  therefore  left  of  the  original  rectangu- 
lar section. 

21 A  broke  at  6^800  jwnndB  11  inches  fh>m  G  end. 
Elontcatiou,  0.01  inch  in  0  inches. 

Tenacity  per  square  inch  of  total  original  sec- 
tion, 6,275  pounds. 


The  blowhole  at  the  fractured  surfoce  was  ellip- 
tical in  seoUon,  measuring  0.21  x  0.18  inch  in  diam- 
!  eter. 

The  distances  of  the  edges  of  the  hole  from  the 
two  nearest  edges  of  the  fractured  surfisce  were 
0.27  and  0.36  inch.    Area  of  blowhole,  0.0207  inch. 

Tenacity  per  sauare  inch  of  metal  actually  fhho- 
tured,  6,498  pounds. 


TABLE  2C.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  21 B.— Material :  Alloy.— Original  mixture:  24.38  On,  75.62  Sn.— Analysis:  28.89  On, 

75.68  bn.— Dimensions:  Bectangnlar  section,  1.000"  x  1.020". 


Broke  at  7,420  pounds  8  inches  ftx>m  B  end. 

No  elongation.  Size  of  blowhole,  0.80  x 0.21  inch, 
elliptical.  Area,  0.0405  inch.  Position  of  blow- 
hole, 0.25  inch  and  0.80  inch  from  nearest  edges. 


Tenacity  per  square  Inch  of  metal  actoaUy 
tured,  7,640  pounds. 


poun 
pers( 
tion,  7,27(r  pounds. 


Tenaci^  per  square  inch  of  total  oxiginnl 

~,276i 


TABLE  XCL—ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  22  A.— Material:  Alloy  —Original  mixture:  21.18  Cu,  78.82  Sn.— Analysis:  20.28  Cn, 

79.63  Sn.— Dimensions :  Length,  6".    Diameter,  0.708". 


Broke  at  8,220  pounds  at  A  end. 
No  elongation  detected. 


Tenacity  per  square  inch,  6,440  pounds. 


TABLE  XCn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  Na  22  B.— Material :  Alloy.— Original  mixture :  21.18  Cu,  78.82  Sn.— Analysis:  20.21  Co, 

79.62  Sn.— Dimensions :  Length,  6^^    Diameter,  0.799". 


Broke  at  1,120  pounds  h  inch  ttam  D  end. 
No  elongation  detected. 


Tenacity  per  square  Inch,  2,284  pounds. 


Original 


TABLE  XCIIL—ALLOY  OF  COPPER  AND  TIN. 

No.  23  A.— Material:  AIIoy.— Original  mixture:  15.10  Cn,  84.81  Sn.— Analysis:  15.12  Cn, 
84.68  Sn.— Dimensions :  Length,  V*,    Diameter,  0.706". 


Broke  at  275  pounds  |  Inch  firom  C  end. 
No  elongation. 


Tenacity  per  square  inch,  660  ponnda. 


TABLE  XCIV.— ALLOY  OF  COPPER  AND  TIN. 

Origlnsl  mark:  No.  28  B.— Material :  Alloy.-^riginal  mixturs:  15.19  Cu,  84.81  8n.^Analysis:  15.04  Cn, 

84.65  Sn.— Dimensions :  Length,  6".    Diameter,  0.708". 


Load 

Load  per 
square 
inch. 

InSlnohes. 

Elongation     in 
parts  of  origi- 
nal length. 

Broke  at  D  end. 

Diameter  of  ft-aetured  seetion,  0.796  inch. 

Tenacity  per  square  inch  original  section,  6,620 

Poundi, 
2,700 
8,260 

Pounds, 
5,400 
6,520 

OiOl 
0.08 

.002 
.004 

' 
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TESTS  OF  HETiXS. 


BECOBD  OF  TESTS  BT  TENSILE  STHESS-Continiud 

HicBAXiCAL  Laboratobt,  Dspaxtmesit  OF  EsonuBCio,  Slav  MS  IxanTOTB  or  Tbchhoumit. 

TABLE  XCy.^ALL07  OF  COPPER  AlTD  TDT. 

Original  mark:  Ko.  24  ▲.—Material:  AUoy.— Original  mixture:  11.84  Co,  88.10  Sn-^Analyaia:  11.49  Cd. 

88.44  8b.— Dimenaioiia:  Length,  0".    Diameter,  0.798". 


Load. 


^'^^^  P"  lElonsation 


Povndt, 

Potmda. 

1,030 

8,300 

2.700 

fi.520 

8,200 

0,520 

8,800 
0 

0,0U0 

8,300 

0,000 

In2m. 

0.000 

Jneh§t, 
0.01 
0.04 
0.00 
0.10 

Set  0. 10 
0.18 
0.37 


Elongation  in 
parts  of  origi- 
nal length. 


.0020 
.0080 
.0120 
.0200 


.0200 
.0740 


Broke  2  inches  from  A  end. 

Fractured  section  elliptical ;  diameters,  0.708  and 
0.770  inch. 

Tenacity  per  squace  iaoh  original  aeeUon,  0,000 
pounda. 

Tenacity  per  aqnaxe  inch  fraetnied  section,  7,0SO 
pounda. 


TABLE  XCVL— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  24  B.^-Material:  Alloy  .-Original  mixture:  11.84  Cu.  88.10  Sn.— Analysis:  11.48  On, 

88.50  Sn.— Dimensions:  Length,  V,    Diameter,  0.798^'. 


I<oad. 

Load  per 
square 
inch. 

Elongation 
in    5.02 
inches. 

Elonf*aitiou     in 
parte  of  origl- 
nsl  lengtli. 

Broke  i  inch  flram  B  end. 
Diameter  of  fractured  section,  0.795  inch. 
Tenacity  per  square  inish  original  aection,  0,100 
pounds. 

PoundM. 
1.820 
2.080 
8,080 

Pound$, 
8,040 
6.300 
0,100 

Ineh0i. 
0.01 
0.02 
0.04 

.002 
.004 
.008 

Tenacity  per  square  inch  frsctored  section,  0,99* 
pounda. 

TABLE  XCVn.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  25  A.— Katerial:  Alloy.— Original  mixture:  9.7  Co,  90.8  Sn.~-Analyais:  8L88  Cn, 

9L12  Sn.— Dimensions:  Length,  0".    Diameter,  0.798^'. 


Load  per 

Elongation 

Elongation     in  • 

Broke  2^  inches  from  C  end. 

Losd. 

square 

in    0.0 j 

parts  of  origi- 

Diameter of  fractured  section,  0.780  inch. 

inch. 

inches. 

nal  lengtii. 

Tenacity  per  square  inch  original  aection,  0,000 
pounds. 

Tenacity  per  square  inch  fraotored  section,  7,187 

Poundt. 

Poundi. 

Inehei. 

pounds. 

1,520 

8,040 

0.01 

.0017 

2.200 

4,400 

0.02 

.0038 

2,520 

5,040 

0.04 

.0007 

2,830 

5,000 

0.07 

.0117 

8,000 

0,000 

0.11 

.0184 

In2m. 

0,000 

0.43 

.0714 

TABLE  XCVin.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  25  B.— Material:  Alloy.— Analysis:  8.32  Cu,  9L00  Sn^— Dimensions:  Length, 0*. 

Diameter,  0.798". 


Poundi. 
2,000 
2,700 
2,910 
8,450 

Inlm. 


Load  i>er 
square 
incii. 


Poundi, 
4,000 
6,400 
5,820 
0,900 
0,900 


Elongation 
in  5  inchea. 


JneKei. 
0.01 
0.03 
0.05 
0.12 
0.83 


Elongation  in 
parts  of  origi- 
nal length. 


.0020 
.0000 
.0100 
.0240 
.0000 


Broke  1  Inch  fh>m  D  end. 

Diameter  of  fractured  section,  0.740  inch. 

Tenacity  per  square  inch  original  section,  0,900 
pounds. 

Tenacity  per  sqnars  InohftBoloied  sectisn,  %0I1 
pounds. 
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BEGOBD  OF  TESTS  BY  TENSILE  STBESS— Continued. 

lFir8t  eeriea,'] 

Mbchahical  Laboratory,  Drparthxmt  of  Engikssring,  Stbvxks  Ikstitutx  of  Tbchholoot. 

TABLE  XCrX— ALLOY  OF  COPPER  AND  TIN. 

Original  maik:  No.  26  A.— Material:  Alloy.—Original  mixtare:  4.29  Cu,  95.71  Sn-^AnalysIs :  8.70  Cn, 

96.30  Sn.— Dimenaions:  Length,  6'.    Diameter,  0.798'^ 


Lood. 

Load  per 
square 

Elongation 
in  6  inches. 

Elongation    in 
parts  of  orig- 
mallength. 

Broke  in  middTe. 

Diameter  of  f  ractnred  section,  0.680  inch. 

inch. 

Blow-hole  0.25  inch  diameter  in  fractured  sorfkce. 

Tenacity  per  square  inch  original  section,  4,300 

Poufwb. 

Poundt. 

Inehei. 

pounds. 
Tenacity  per  square  inch,  deducting  blowholes, 

1,300 

2.600 

0.01 

.0017 

4,767  pounds. 

1,630 

8,060 

0.04 

.0067 

Tenacity  per  square  Inch  fractured  section,  6,920 

1,850 

3,700 

0.10 

.0167 

•pounds. 

2,000 

4,000 

0.16 

.0267 

2,150 

4.800 

a  19 

.0838 

• 

In  2  m. 

4,300 

0.50 

.0983 

TABLE  C— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  26  B.— Material:  Alloy.— Analysis:  8.74  Cn,  96.32  Sn.— Dimensions:  Length,  6". 

Diameter,  0.798^'. 


Load. 

Load  per 
square 

Elongation 

in  5  innliAfl. 

Elongation    in 
parts  of  orig- 
inal  length. 

Broke  in  middle. 

Diameter  of  fractured  section,  0.660  inch. 

inch. 

Breaking  load,  2,630  pounds. 

Tenacity  per  square  Inch  original  section,  5,260 

Pounds, 

Pounds. 

Inches, 

pounds. 
Tenacity  per  square  inch  fractured  section,  7,687 

1,550 

8,100 

0.01 

.002 

the  marlmum  load  of  2,630  pounds). 

2,000 

4,000 

0.03 

.006 

2.630 

5,260 

0.09 

.018 

Inlm. 

5,260 

0.62 

.124 

Reducec 

to- 

1,800 

3,600 

0.64 

.128 

In2m. 

8.600 

0.65 

.030 

In4m. 

3,600 

0.74 

.148 

TABLE  CL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  27  A.— Material:  Alloy.— Original  mixture:  1.11  On,  98.80  Sn.— Analysis:  0.75  Cn, 

98.89  Sn.— Dimensions:  Length  6".    Diameter,  0.798". 


Load  per 

Elongation 

Elongation    in 

Broke  in  middle. 

Load. 

square 

in     5.01 

parts  of  orig- 
inal length. 

Diameter  of  fractured  section,  0.550  inch. 

inch. 

inches. 

Surface  very  much  cormi^ated  by  strain. 

Tenacity  per  square  inch  original  section,  8,600 

Pounds. 

Pounds. 

Inches. 

pounds. 

Tenacity  per  square  inch  fractnred  section  (as- 
suming that  the  final  section  sustiuned  the  load  of 

1,600 

3,200 

0.09 

.018 

In  Im. 

8,200 

0.18 

.036 

1,800  pounds),  7,576  ponnda. 

1,800 

8,600 

0.24 

.048 

In2m. 

.8,600 

0.40 

.080 

InSm. 

3.600 

0.65 

.013 

In  7  m. 

3,600 

1.26 

.252 

In8m. 

8,600 

L58 

.816 

TABLE  Cn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  27  B.— Material:  Alloy.— Original  mixture:  1.11  Cu,  98.89  Sn.— Analysis,  0.72  Cu, 

99.06  Sn.— Dimensions:  Length,  6''.    Diameter,  0.798". 


Load. 


Pounds. 

1,550 
In  2  m. 

1,850 
In3m. 
0 

1,850 


Load  per 
square 
inch. 


Pounds, 
8.100 
3,100 
8.700 
8,700 

'""8,'700" 
26  T  H 


Elongation 
in  6.08 
inches. 


0.81 


Elongation  in 
parts  of  orig- 
inal length. 


Inches, 

0.13 

.0224 

0.17 

.0293 

0.28 

.0483 

0.72 

.1241 

Set  0. 72 

.1397 


Broke  2  inches  from  B  end. 

Diameter  of  fractured  section,  0.540  inch. 

Tenacity  per  square  inch  original  section,  8,700 
pounds. 

Tenacity  per  square  inch  frttotnred  section,  8,157 
pounds.  (?) 
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RECORD  OF  TESTS  BT  TENSILE  STRESS— Conimned. 

IFtrwt  Mritft.] 
HicBAincAL  Labobatokt,  DiPABiicnrr  or  EHonxESDio,  Stktbiis  Imnrun  of  Tbchsoloot. 

TABUS  Cni.~ALLOT  OF  COPPBR  AJTD  TIN. 

Orlgiiial  mArk:  Vo.  28  A.~Kiit«rlal:  Alloy.^Originia  mlztnTe:  0.6S7  On,  W.4tt  Sn.— Amlyaii:  0J8 

Cii,98.40Sii.—DlmeiMloiia:  Length,  9".    DiMnetor,  0.796". 


Poundi. 
1,400 
1,700 
1,880 

2,860 

Bedaoec 
%200 


Loftd  per 
square 
laoh. 


Pound$. 
2,800 
8,400 
8,780 

f700 

to- 
4,400 


XlongBtlon 
InSincliea. 


{ 


0.02 

ao5 

0.25 

Bztendlng 

nrement 

1.80 


Xlonnitioti  In 
pens  of  orig- 
umI  length. 


.004 
.0083 
.05 
Idly; 


Broke  in  middle;  greetest  etrete,  2.850  poonda. 

Diameter  of  fhMttored  section,  0.495  inoL 

Surface  rwj  much  distorted. 

Tenacity  per  square  inch  original  seoticn,  4,700 
pounds. 

Tenacity  per  square  inch  ftaetnied  section  (aa- 
snmiug  that  the  flaal  section  sustained  Uie  maxi- 
mum load  of  2,850  poundsi  plainly  an  error  in  this 
ease),  14,458  pounda. 


TABLE  CIV.— ALLOY  OF  COPPBB  AJH)  TIN. 

Original  mark:  No.  28  B.— Material:  AUoy.^Oricinal  mixture:  0.557  Ou,  00.443  Sn.— Analysis: 

Cn,  90.4  8n.— Dimensions:  Length,  V,    Diameter,  0.708". 


0.38 


Load  per 

Blongation 

Blongation    in 

Broke  in  middle. 

Load. 

square 

in     6.02 

parts  of  orig- 
inal length. 

Diameter  of  fhMtored  section,  0.475  inch. 

inch. 

inches. 

Tenacity  per  square  inch  original  section,  4,250 

pounds. 

Tenacity  per  equare  inch  fractured  section  (as- 
suming that  the  final  section  sustained  the  load  of 

Poundt. 

Pounds. 

Inehes. 

1,250 

2,500 

0.01 

.0017 

2,125  pounds),  11,902  pounda. 

InSm. 

2,600 

0.03 

.0050 

1,500 

8,000 

0.08 

.0133 

In  8  m. 

8,000 

0.30 

.0408 

In  8  m. 

8.000 

0.50 

.0831 

Lacreased  strain  rap 

Idly  to— 

2,121    1       4,250 
Beducedto— 

LOS 

.8206 

1.400           2,800 

2.10 

.  MOO 

TABLB  CV.— CAST  TIN. 
Original  mark;  No.  29  A.— Material:  Banca  tin.— Dimensions:  Length,  6^.    Diameter,  0.796". 


Load  per 

Elongation 

in  fl  inAhML 

Elongation    in 

Broke  ft  inch  ftx>m  A  end. 

Load. 

square 

ports  of  orig- 
*lnal  length. 

Diameter  of  ft«ctured  section,  0.400  inch  (approx- 

inch. 

imately).    The  section  was  very  much  distorted, 
and  an  exact  measurement  oonld,  not  be  obtained. 

Tenacity  per  sqaaro  inch  of  original  section,  con- 

Poundt. 

Poundt. 

In^tt. 

sidering  1,400  pounds  as  the  breaking  load,  2,800 

1,700 

8,  MO 

0.15 

.025 

pounds  (with  gradual  test). 

0 

Set  a  13 

.025 

Beducec 

to— 

1,250 

2,500 

a  10 

.0318 

In2m. 

J2.60O 

0.27 

.045 

1,400 

2,800 

0.83 

.0538 

In  10  m. 

.2,800 

L70 

.2838 

TESTS   OF  METALS. 
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BECOBD  OF  TESTS  BT  TENSILE  STBESS-^ContinaecL 

IFirei  series."] 

MiCBAinoAL  Labobatokt,  BBPiLSTMsiiT  OF  XNoncKBBDro,  Stbtxhb  Ihvututib  ov  Tbchholoot. 

TABLB  CVL*-€AST  TIK. 
OrigiDAlmuk:  IfTo.  28  B.— Ifaterial:  BancatixL— Dlmensiolis;  Length,  9^'.    Diameter,  0.708^'. 


Loud. 


Load  per 
square 
inch. 


Blottgation 
in  6.02 
inches. 


Pwmdi.  Poundt,  JnehM. 

976  1,950  0.01 

1,180  2.860  0.08 

1,290  2,680  0.09 

1,600  8,200  0.20 

2,000  4,000  0.68 

2,100  4,200  L88 
Piece  extending  rapidly  and  straJn  zednced 
1,700  I 


IQongatlon  1  n 
parts  of  origi- 
nal length. 


8,4001     2.68 


.0017 
.0060 
.0160 
.0382 
.0903 
.8128 


.4260 


Broke  2  inches  from  D  end. 

Fractured  section  veiy  irregnlar,  and  drawn  out 
almost  to  a  point.  Bstimated  diameter  of  final 
section  0.300  inch. 

Tenaoityper  square  indhof  original  section  (with 
rapid  Uti)  4*200  pounds. 


TABLB  CYIL-CAar  COPPER. 

Original  mark:  No.  80  A.— Material :  Lake  Superior  copper,  cast  in  iron  mold.— J)imenBlon8:  Length. 

6".    Skiameter,  0.700". 


Load  per 

Load. 

square 

inch. 

Pound*. 

Powndff. 

400 

800 

1,000 

2,000 

2,000 

4,000 

4.000 

8,000 

6,000 

12.000 

6.400 

12,800 

6,800 

13,600 

7,200 

14,400 

8,000 

16,000 

8.800 

17,600 

9,600 

19,200 

0,800 

19.600 

260 

600 

10.200 

20,400 

Elonitation 
in  6  inches. 


JneKa. 
0.0004 
0.0011 
0.0022 
0.0027 
0.0032 
0.0062 
0.0083 
0.0132 
0.0358 
a  0642 
0.0042 
0.1073 
Set  0. 0051 
0.1218 


Blongation  1  n 
pans  of  origi- 
nal length. 


.00008 
.00022 
.00044 
.00054 
.00064 
.00104 
.00166 
.00264 
.00716 
.01284 
.01884 
.02146 


.02436 


Pound*. 
11,000 
12,200 
14,000 
270 
14.400 
14.600 


Load  per 
square 
inch. 


P&undi. 
22,000 
24,400 
28,000 
640 
28,800 
29,200 


Elongation 
InSinchea. 


Elonsation  1  n 
pansof  origi« 
nal  length. 


^ITMWvW* 

0.1605 

.08210 

0.2191 

.04382 

0.3258 

.06616 

Set  0.3155 

0.8448  .06896 

y^^  -^.-^^  0.3760  .07620 

Broke  Ju^t  as  reading  was  taken  i  inch  from  A 

end.    Fractured  section  distorted-  ttom  circular 

form.    Three  diameters  measured  0.737  inch,  0.725 

inch,  and  0.732  Inch. 
Tetuioity  per  square  inch  original  section,  29,200 

pounds. 
Tenacity  per  square  inch  fractured  section,  84,790 

pounds. 


TABLE  CVUL-CAST  COPPER 
Original  mark:  "So,  80  B.— Material:  Cast  copper.~I>lm6nslons:  Length,  6^'.    Diameter,  0.798". 


Load. 


Powndt. 

6,400 

7,000 

7,200 

7,800 

8.400 

9,000 

9,400 

9.800 

10.200 

10,600 

11.000 

11,400 

11,800 

12,200 


Load  per 
square 
inch. 


Pounds. 
12.800 
14,000 
14,400 
16,000 
16.800 
18,000 
18.800 
19.600 
20,400 
21,200 
22,000 
22,800 
28,600 
24,400 


Elongation 
in  6  indies. 


Inehss. 
0.0086 
0.0081 
0.0111 
0.0260 
0.0439 
0.0652 
0.0807 
0.0052 
0. 1147 
0. 1317 
0. 1617 
0.1707 
0.1967 
0.2182 


Compression  in 
parts  of  origi- 
nal length. 


.00070 
.00162 
.00222 
.00518 
.00878 
.01304 
.01614 
.01004 
.02294 
.02634 
.03084 
.03414 
.03934 
.04864 


Load. 


Pound*. 
12,600 
18.000 
18,200 


Load  per 
square 
inch. 


Pound$. 
25,200 
26,000 
26,400 


Elongation 
in  6  inches. 


JnchM. 
0.2437 
0.2707 


Compression  in 
parts  of  origi- 
nal length. 


.04874 
.06414 


Broke  in  middle  Just  as  beam  rose. 

Fractured  sectlott  elliptioal.  Diameters,  0.762 
and  0.740  inch. 

Tenacity  per  square  inch  original  seotloD,  26^400 
pounds. 

Tenacity  per  square  inch  flraotured  section, 
30, 201  pounds. 

NOTB.— The  piece  bent  slightly  under  strains 
less  than  6,400  pounds,  and  thus  caused  errors  in 
the  readings  oxeUmgatlons  below  that  point. 
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TE8T8  OF  METALS. 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 


IfBCHincAL  Labobatobt,  Dkparticdit  of  ExonisBRiNo,  Stevbxs  ImnruTi  of  Tbcbsiologt. 

TABLE  CIX.'-CAST  COPPEE. 
Original  in«rk :  Ko.  l.~Material:  Lake  Superior  copper. —Bimenaians:  Lenj^  2".    Diameter,  0.<S5'. 


Load. 

Comprea- 
aion. 

Load  per 
square 

Campreaaton  in 
parte  of  origi- 

Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

inch. 

nal  length. 

inch. 

nal  length. 

Pounds. 

Inches. 

Pounds. 

Pounds. 

Inehss, 

Pounds. 

1.000 

0.0020 

3.259 

.00145 

15.000 

0.368 

48,802 

.1840 

1.500 

0.0087 

4,889 

.004»5 

16.250 

0.426 

52,967 

.2130 

2,000 

0.015 

6,519 

.00.5 

17,000 

0.477 

55,411 

.2385 

3,000 

0.022 

9,778 

.0110 

18,000 

0.528 

68,671 

.2640 

4.000 

0.030 

13,038 

.0150 

18. 9'i5 

0.584 

61,688 

.2920 

5.000 

0.043 

16.297 

.0215 

19,600 

0.633 

63,886 

.3165 

6,000 

0.065 

19,557 

.03-25 

20.500 

0.707 

66,820 

.8535 

7,000 

0.079 

22,816 

.0395 

22,000 

0.838 

71,709 

.4190 

8,000 

0.007 

26,076 

.0485 

23,000 

0.896 

74.968 

.4480 

9,000 

a  128 

29,335 

.0640 

10.000 

0.153 

32,  595 

.0765 

Piece  removed  bent 

11.000 

0.182 

85,854 

.0910 

Piece   slightly  bent  at  9,000 

pounds.     After 

12,000 

0.209 

39,114 

.1045 

17, 000  pounds  the  beam  dropped  immediately  after 

13,000 

0.251 

42, 373 

.1255 

the  atrain  was  applied. 

14,000 

0.804 

45,633 

.1520 

1 

TABLE  CX—CAST  COPPER. 
Original  nmrk:  No.  1 B.— Material :  Cast  copper.— Dimensions :  Length,  2".    Diameter,  0.825^. 


150 

4.000 

6,000 

8,000 

10,000 

12,000 

14,000 

16,000 


.0000 
.0025 
.0233 
.0538 
.0908 
.1271 
.2073 
.2024 


13,038 
19,557 
26,075 
82,595 
39,114 
45,633 
52,152 


.00125 

.0116 

.0*^69 

.0454 

.0635 

.1036 

.1462 


18.000 
20,000 
22,000 
24,000 
25,000 


.4115 
.5249 
.7018 
.8678 


68,671 
65,188 
71,709 
78,228 


.20ST 
.2624 
.8509 
.4338 


Lifted  the  beam. 


TABLE  CXI.— ALLOY  OF  COPPER  AST)  TIN. 

Original  mark:  No.  2  D.— Material :  Alloy.— Original  mixture :  98.1  Cu,  1.9  Sn.— Analysis  97.83  Cu,  L98 

Sn.— Dimensions:  Lcmgth,  2".    Diameter,  0.625". 


500 

0.005 

1,630 

.0025 

13,000 

a327 

42,373 

.1635 

1.000 

0.009 

8,259 

.0045 

14,000 

0.886 

45,633 

.1930 

2.0C0 

0.015 

6.619 

.0075 

14,500 

0.480 

46.263 

.2400 

8,000 

0.021 

9,778 

.0105 

Reduced  to— 

4,000 

0.026 

13, 038 

.0130 

14,000 

0.538 

45.633 

.2600 

5.000 

0.028 

16,297 

.0140 

13, 000 

0.500 

42.373 

.2950 

6,000 

0.032 

19, 657 

.0160 

10,000 

0.ta» 

32,595 

.8105 

7,000 

0.038 

22,816 

.0190 

7,000 

0.685 

22,816 

.8425 

8,000 

0.047 

26, 076 

.0'135 

2,000 

0.736 

6,519 

.3880 

9,000 

0.074 

29,335 

.0370 

Repeat 

ed. 

Piece  removed  be 

nt  so  that  it 

rested  on  twoooi^ 

9,000 

a  106 

29,335 

.0630 

ners  only. 

10,000 

0.170 

32.  595 

.0850 

The  bending  of  ti 

ie  pieoo  was 

first  observed  at 

11,000 

0.225 

85,854 

' . 1125 

9,000  pounds. 

12,000 

0.267 

39, 114 

.1335 

TESTS   OP  METALS. 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

MiCHAKICAL  liABORATORT,  DEPABnOQIT  OF  SNQIXKBBIKO,  STIYKIS  INBTITUTB  OF  TXCHKOXX)OT. 

TABLE  CXTL^-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  8  B.— Material :  Alloy.— Original  mixture:  96.27  Ga,  8.73  Sn.— Analysis:  95.96  On, 

3.60  Sn.— Dimensions:  Length,  2f\    Diameter,  0.625^'. 


Load. 

Compree- 
sion. 

Load  per 
sqaare 
inch. 

Compression  in 
parts  of  orig« 
mal  length. 

Load. 

Compres- 
sion. 

Load  per 
square 
Inch. 

Compression  in 
parts  of  orig- 
inal length. 

Founds. 

Inehet. 

Pounds. 

Pounds. 

Inches, 

Pounds. 

600 

0.003 

1,630 

.0016 

Reduced  to- 

2,000 

0.010 

6,519 

.0050 

ll.  900 

0.102 

88.788 

/      .0960 

3,000 

0.014 

9,778 

.0070 

12. 300 

0.255 

40.002 

.1275 

4,000 

0.020 

18.038 

.0100 

13,000 

0.269 

42. 373 

.1345 

5,000 

0.022 

16.297 

.0110 

14,000 

0.289 

45,633 

.1445 

6,000 

0.025 

19,557 

.0125 

15,000 

0.3 18 

48,892 

.1560 

7,000 

0.027 

22.816 

.0135 

15,600 

0.346 

50,848 

.1730  • 

8,000 

0.030 

26.076 

.0150 

16,000 

0.372 

52,162 

.1860 

9,000 

0.038 

29,335 

.0105 

Reduced  to— 

10,000 

0.041 

82,505 

.0205 

14.800 

0.390 

48,241 

.1950 

11,000 

0.058 

35,854 

.0265 

10,000 

0.539 

82.595 

.2695 

11,600 

0.069 

37,484 

.0345 

2,000 

0.605 

6.519 

.3025 

12,000 
12,500 
12,900 

0.093 
0.135 
0.160 

89,114 
40,744 
42»048 

.0465 
.0676 
.0800 

Piece  removed  bent  In  a  doable  cnrve. 

Bending  first  obserred  at  12,300  poonds. 

TABLE  CXIIL-^ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  4  B.— Material:  Alloy.— Original  mixture:  92.8  Co,  7.2  Sn.— Dimensions:  Length,  2". 

Diameter,  0.625". 


500 

0.005 

1,630 

.0025 

16,000 

0.287 

62, 162 

.1485 

1,000 

0.010 

8,259 

.0050 

17,500 

0. 3H2 

57,041 

.1660 

2,000 

0.015 

6.519 

.0075 

19,000 

0.370 

61,930 

.1850 

8,000 

0.020 

9,778 

.0100 

21.000 

0.429 

68.449 

.2145 

4,000 

0.024 

IH.  038 

.0120 

23.000 

0.489 

74,068 

.2445 

5,000 

0.028 

16.297 

.0140 

25.000 

0.537 

81, 487 

.2685 

6,000 

0.031 

19,5OT 

.0155 

25,800 

0.581 

84.095 

.2905 

7,000 

0.037 

22.816 

.0175 

Strain  dooreased  In  1  min.  to— 

8,000 

0.044 

26.076 

.0220 

25,000 

0.702 

81.487 

.3510 

9,000 

0.062 

29,335 

.0310 

20,000 

0.820 

65.190 

.4100 

0.600 

0.080 

80,965 

.0400 

14,000 

0. 870 

45.633 

.4350 

10,000 

0.120 

32,595 

.0600 

2,500 

0.907 

24,446 

.4635 

11.000 
12,000 
14,000 

0.140 
0.159 
0.225 

d5,854 
89,114 
45,638 

.0700 
.0795 
.1125 

Piece  removed  bent. 
Bending  first  observed  at  9,00( 

)  pounds. 

TABLE  CXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  5  D.— Material :  Alloy.— Original  mixture:  90  Cn,  10  Sn.— Analysia:  90.43  Cu,  9.50 

Sn.— Dimensions:  Length,  2".    Diameter,  0.025". 


500 

0.007 

1,630 

.0035 

15.600 

0.302 

50.848 

.1610 

1,000 

0.010 

8,259 

.0050 

17,000 

0.835 

55,411 

.1675 

2,000 

0.016 

6.519 

.0080 

18,000 

0.366 

58,671 

.1830 

3,000 

0.022 

9.778 

.0110 

19,000 

0.442 

61,930 

.2210 

4,000 

0.026 

13.038 

.0130 

Reduoedto— 

5,000 

0.030 

16,297 

.0150 

18,800 

0.460 

61,279 

.2845 

6.000 

a034 

10,667 

.0170 

18,000 

0.646 

58,671 

.2730 

7.000 

0.044 

22,816 

.0220 

16.300 

0.579 

53,130 

.2895 

8.000 

0.059 

26,076 

.0295 

14,500 

0.604 

47,263 

.3020 

9.000 

0.080 

29,335 

.0400 

10.600 

0.635 

84,551 

.8175 

10,000 

0.110 

32,595 

.OS-W 

4,000 

0.671 

13,038 

.3855 

11,000 
12.260 
13,600 
14,600 

a  154 
0.231 
0.244 
0.266 

35.854 
39,929 
44,003 
47,263 

.0770 
.1163 
.1220 
.1330 

Piece  bent  and  slipped  out  from  between  the 
pressure-plates. 
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TESTS  OF  METALS. 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS-Contmned. 

Mbchabical  Labohatobt,  DEPABnoar  of  SvomuBOio,  gravMii  Ia»muia  of  TBCHaouMT. 

TABLE  CXV^-AXLOT  OF  COPPEB  ASD  TOT. 

Original  maik :  So.  6  B.— Hatori*l :  Alloy.— Oxigfaial  mixture :  86.57  Co,  18.48  Sn«— Analjiia.  87.15  Co, 

12.77  8n.*-IHm«iiaioiw:LwcUi,a'^    DiUMtor,  0.625". 


X-. 

Compres- 
sion. 

Losd  per 
•qnsre 
inok 

Oompreesian  in 
parts  of  orig- 
insl  length. 

1 

Losd. 

Compies- 
sioo. 

Load  per 
square 

parts  of  ocig- 
inal  length. 

Poundt. 

JnehM. 

Poundt. 

1 

t 
1 

PbfMMb. 

^LTWvvW* 

P<mnd$, 

1.000 

OiOOS 

8,259 

.6025 

22,000 

0.837 

71.709 

.168S 

2,000 

0.011 

6,519 

.0055 

24,000 

asoo 

78.228 

.1950 

4.000 

a  018 

18,038 

.0090 

26,000 

a449 

84,747 

.2245 

6,000 

0.028 

19.557 

.0115 

27,500 

0.496 

89,636 

.2189 

8,000 

0.028 

26.076 

.0140 

jDeoressed  to— 

10.000 

0.045 

82,505 

.0225 

27.250 

0.531 

88,821 

.2655 

11.000 

0.046 

85.854 

.0330 

26,100 

0.599 

85.078 

.2995 

12,000 

0.101 

89,114 

.0505 

24.000 

0.665 

78,228 

.8325 

14,600 

0.146 

45,633 

.0730 

20,000 

0.716 

66,190 

.3589 

16,000 

0.197 

52,158 

.0985 

17,000 

0.741 

55,411 

.3705 

17,000 

0.218 

55,411 

.1090 

10,000 

0.773 

82,595 

.8800 

18,000 
20,600 

0.244 
a298 

58,671 
60,820 

.1220 
.1490 

Piece  slipped  oat  from  iMtween  pressore-plstes. 
Bending  first  observed  at  11,000  pounds. 

TABLE  CZVL— ALLOY  OF  COPPEB  AND  TUf . 

Original  mark:  Kow  7  A.— Ifatorial:  Anoy.-«Original  mixtare:  80  Cn,  20  Sn.— Analysis:  80.99  Co,  18.98 

Sn.— Dimensions:  Luigth,  2".    Diameter,  0.625". 


600 

0.006 

1,680 

.0030 

24,000 

0.202 

78,228 

.1010 

1,000 

0.012 

8,259 

.0060 

26,000 

0.216 

84,747 

.1075 

2,000 

0.015 

6,519 

.0075 

28,000 

0.241 

91,206 

.1205 

8,000 

0.020 

9,778 

.0100 

80,000 

a285 

97,785 

.1425 

4,000 

0.023 

13,038 

.0115 

31,000 

0.298 

101,044 

.1490 

6,000 

0.031 

10,567 

.0155 

81J50 
Decn 

0.828 

103,489 

.1649 

8,000 

a038 

96,076 

.0100 

Based  to— 

10.000 

0.0U 

82.695 

.0220 

80,600 

a854 

99,741 

.1770 

12,000 

a052 

39.114 

.0260 

29,000 

0.390 

94,525 

.1969 

14,000 

0.0S9 

45^638 

.0295 

28,000 

0.406 

91,266 

.2030 

16,000 
18,000 
20,000 
22,000 

0.069 
0.082 
0.106 
9.187 

62.162 
58,671 
66^100 
71,709 

.0345 
.0410 
.0530 
.0935 

Piece  flew  oat  from  between  pressore-plates, 
a  small  pieoe  breaking  from  one  corner. 
Bending  first  obsenred  at  20,500  pounds. 

TABLE  CXVn.— ALLOY  OF  COPPEB  AKD  TIN. 

Original  mark:  No.  8  B.— Material:  Alloy.— Original  mlxtare:  76.82  Co,  28.68  Sn.— Analysis: 

Co,  28.28  Sn.— Dimensions :  Length,  2".    Diameter,  0.62y. 


7V.60 


1,000 

0.008 

8,259 

.0015 

28,000 

0.078 

91,266 

.0390 

2,000 

0.011 

6,519 

.0055 

80,000 

0.090 

97,785 

.0450 

8,000 

0.015 

9,778 

.0075 

81,000 

a  100 

101,  OM 

.0600 

4,000 

0.020 

13,088 

.0100 

82,000 

0.110 

104, 303 

.0650 

6,000 

0.027 

19,557 

.0135 

38,000 

0.132 

107,568 

.0660 

8,000 

0.033 

26,076 

.0165 

Bedaoed  to— 

10,000 

0.036 

82,995 

.0180 

81,200 

a  158 

101,696 

.0790 

12,000 

0.089 

89.114 

.0195 

32,000 

0.171 

104,808 

.0655 

14,000 

0.042 

45,638 

.0210 

33,000 

0.178 

107,662 

.0865 

16,000 

0.046 

52,152 

.0230 

34,000 

0.175 

110.822 

.0875 

18,000 

a050 

58,671 

.0260 

8.\000 

a  181 

114,081 

.0105 

20.000 
22,000 
24,000 
26,000 

0.058 
0.059 
0.065 
a078 

65,190 
71,709 
78,228 
84,747 

.0290 
.0295 
.0325 
.0365 

Pieoe  broke  suddenly  diagonal 
die.    One  pieoe  flew  oat  from 
distsnoe  of  12  feet. 

3  V  across  the  mid- 
the  iw^fthiwA  lo  a 
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BECOBD  OF  TESTS  BT  COMPRESSIVE  STBESS-Oontiniied. 

HiCHAnoAL  Laboratobt,  'DEPAxnaan  of  EvoDiBBBiHa,  Stbyshs  Inbhtutb  of  Tbohxoloot. 

TABLB  CXVia—ALLOT  OF  COPP£B  AlJO)  TIN. 

OrigiiuJ  mark:  Nov  0.— Katerlal:  A]loy.~OTigl]ial  mlztare:  70  Cn,  80   Sn.— Analysts:  60.00  Co, 

20.85  Sn.— XHrnenslons:  Length,  2".    Diameter,  0.625^'. 


L(wd. 

Compies- 
skm. 

Load  per 
squaie 
inch. 

ComprMsionin 
parte  of  orig- 
mal  length. 

Pounda. 

Inehei. 

Potind*. 

1,000 

0.001 

3,250 

.0005 

2,000 

0.008 

6.510 

.0040 

4,000 

0.017 

33,038 

.0085 

8,000 

0.031 

26,076 

.0155 

10,000 

0.038 

82,505 

.0100 

12,000 

0.030 

80,114 

.0105 

14.000 

0.043 

45.633 

.0215 

16.000 

0.045 

52,152 

.0225 

18.000 

0.046 

58,671 

.0230 

20,000 

0.040 

65,100 

.0245 

22,000 

0.050 

71,700 

.0250 

24,000 

0.052 

78,2^ 

.0260 

26.000 

0.058 

84.747 

.0265 

28,000 

0.064 

01,266 

.0270 

Load. 


Poundt. 
80.000 
82,000 
34,000 
36,000 
38,000 
40,000 
45,000 
44,000 
45,000 


Compree* 
sion. 


IneKes. 
0.055 
0.056 
0.058 
0.050 
0.060 
0.063 
0.065 
0.068 
0.070 


Load  per 
square 
hich. 


Ptnmdt. 
07,785 
104, 803 
110,822 
117, 841 
123,860 
130, 370 
136.808 
143,417 
146,676 


Compression  in 
parts  of  orig« 
mal  length. 


.0275 
.0280 
.0200 
.0205 
.0300 
.0315 
.0326 
.0340 
.0350 


About  30  seconds  after  the  strain  was  applied 
the  pieoe  broke  suddenly  with  a  loud  report,  and 
flew  into  small  pieces.  The  largest  piece  th*t 
could  be  found  was  aboat  the  sise  of  a  pea. 


TABLE  CXIX.— ALLOY  OF  COPPSB  AlO)  TEBT. 

Original  mark:  No.  ll^->Material:  Alloy.— Original  mixture:  66  Gn,  85  Sn.— Analysis :  65.81  Co, 

84.47  Sn.—Dimenaiona:  Length,  2^'.    Diameter,  0.625". 


2,000 

0.006 

6,510 

.0080 

18,000 

0.048 

58,671 

.0216 

8,000 

0.011 

0,778 

.0055 

20,000 

a046 

65,100 

.6280 

4,000 

0.020 

13,038 

.0100 

22,000 

0.048 

71,700 

.0240 

6.000 

0.023 

10,557 

.0115 

24,000 

0.051 

78,228 

.0255 

8,000 

0.025 

26.076 

.0125 

25,000 

a  052 

81,4«7 

.0260 

10,000 

0.030 

82,505 

.0150 

26.000 

0.057 

84,747 

.0285 

12,000 
14.000 

0.034 
0.038 

80.114 
45,633 

.0170 
.0190 

Piece  broke  suddenly,  several  pieces  iiying  oft 
upper  end. 

16,000 

0.041 

62,152 

.0205 

TABLB  CXZ..ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  12.— Material:  Alloy  .^-Original  mixture:  61.71  Cn,  8a28  Sn.— Analysis:  6.— 

Dimensions:  Length,  2".    Diameter,  0.625". 


2.000 
8,000 
4,000 
6,000 
6.000 
7,000 
8,000 


0.004 
0.010 

a  014 
a  018 

0.021 
0.024 

ao27 


6.510 
0,778 
13,088 
16,207 
10,557 
22,816 
26,076 


.0020 
.0050 
.0070 
.0000 
.0105 
.0120 
.0135 


0,000 
10,000 
11,000 
12,000 


0.031 
0.082 
0.038 
0.035 


20.886 
82,605 
85^854 
80,114 


.0156 
.0100 
.0166 
.0175 


Broke  suddenly,  splitting  open  the  upper  end, 
with  a  wedge-shaped  piece  left  in  the  mioale. 


TABLE  CXXI.— ALLOT  OF  COPPEB  AND  TIN. 

Original  mark :  No.  15.— Material:  Alloy.— Original  mixture:  47.05  On,  62.06  Sn.— Analysis:  47.72  Cn, 

51.00  Sn.-.I>imensions :  Length,  2f'.    Diameter,  0.625". 


LSOO 

0.002 

4,880 

.0010 

12,000 

OOdO 

80,114 

.0150 

2,600 

0.006 

8,140 

.0030 

14,000 

0.031 

45,638 

.0155 

8,500 

0.011 

11,408 

.0055 

16,000 

0.034 

52,152 

.0170 

4,600 

0.015 

14,668 

.0075 

18.000 

0.036 

58.671 

.0180 

5.500 

0.017 

17,027 

.0085 

20,000 

0.040 

66,100 

.0200 

6,600 

0.018 

21,187 

.0000 

21,000 

0.041 

68,440 

.0205 

7,500 

a  021 

24,446 

.0105 

25,000 

0.043 

81,487 

.0215 

8,500 

0.025 
0.027 
0.020 

27,706 
30,065 
84,225 

.0125 
.0135 
.0145 

26.000 
Broke  i 

0.043 

84,747 
(train. 

0,500 
10,500 

In  applying  i 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

HXCHANICAL  LaBOBATOBT,  BKPABTUKHT  OP  EXOUOBBIHO,  STKVXSB  IXBTrTOTI  OF  TBCHHOLOGT. 

TABLE  CXXIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  16  B.— Material:  Alloy.— Original  mixture:  44.63  On,  55.37  Sn.— Analjaia :  44.62  Co, 

55.15  Sn.—I>im«u«iona:  Length,  2".    Diameter,  0.625". 


Load. 


Pounds. 
2,000 
8,000 
4.000 
5,000 
6,000 
7.000 
8,000 
9,000 


Comprea- 
aion. 


Load  per 
aqnare 
inch. 


Inchet. 
0.005 
0.010 
0.014 
0.018 
0.022 
0.025 
a  027 
0.029 


PoundM. 
6,519 
9,778 
13, 038 
16.2117 
19. 557 
22,816 
26,076 
29,335 


Compreaflionin 
parts  of  orig- 
mal  length. 


Load. 


OOLO 

00  JO 

0028 

.0036 

,0044 

OOoO 

,0054 

,0058 


Comprea- 
aion. 


Poundt. 
10,000 

Repeated — 
10,000  > 
11.000  |.. 


Inehs9. 
a  031 

0.033 


Load  per 
square 
inch. 


Pounds. 
82,595 

32.595 
35,854 


Compreasionin 
parts  of  orig- 
inal length. 


.006e, 
.0066 


Broke  in  applying  strain,  a  cone-shaped  w^edee 
I  at  the  top  of  the  piece  apparently  oroahing  oat  the 
I  metal  on  all  sides  of  it. 


TABLE  CXXIII.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  17  D.— Material:  Alloy.— Orlsinal  mixture:  41.74  On,  58.26  Sn.— Analysia:  88.88  On, 

60.79  Sn.— Dimensions;  lyongth,  2",    Diameter,  0.625." 


1,000 

0.004 

8.260 

.0020 

8,000 

0.030 

26,076 

.0150 

2,000 

0.009 

6,519 

.0045 

9,000 

0.033 

29,335 

.0165 

3,000 

0.015 

9,778 

.0075 

10.000 

0.035 

32,595 

.0175 

4,000 

0.018 

13.038 

.0090 

1      11,000 

0.039 

35.854 

.0195 

5.000 

0.021 

16,297 

.0105 

'      12,000 

0.041 

39.114 

.0205 

6,000 
7,000 

0.024 
a026 

19,  557 
22,816 

.0120 
.0130 

Broke  Just  as  strain  was  applied, 
shaped  fhkcture,  like  No.  16  B. 

1 

Conical  wedge- 

TABLE  CXXIV.— AIXOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  17  B.— Material:  Alloy.— OHeinal  mixture:  41.74  Cn,  58.26  Sn.— Analyais :  88.83 Co, 

60.79  Sn.— Dimensions :  L^gth  2".    Diameter,  0.625''. 


2,000 

0.004 

6,510 

.0020 

8.000 

0.023 

26,076 

.0116 

3,000 

0.009 

9.778 

.0045 

9,000 

0. 0-^5 

29,335 

.0125 

4,000 

0.013 

13, 038 

.0065 

10,000 

0.028 

32,595 

.0140 

5,000 

0.017 

16,297 

.0085 

11,000 

0.031 

85,854 

.0155 

6,000 

0.019 

19,  557 

.0005 

12,000 

0.034 

39.114 

.0170 

7,000 

a  021 

22,816 

.0105 

Broke  i 

1 

n  applying  i 

itrain.    Frac 

»ture  like  17  D. 

TABLE  CXXV.— ALLOY  OP  COPPER  AND  TIN. 

Original  mark:  No.  18  D.— Material:  Allov.— Original  mixture:  39.2  Co,  60.8  Sn.— Analysis:  38.87  Co, 

61.82  Sn.— Dimensions:  Length.  2".    Diameter,  0.625". 


1,000 
2.000 
8,000 
4,000 
5,000 
6,000 


0.008 
0.009 
0.014 
0.019 
0.021 
0.024 


8,259 

6,519 

9,778 

13, 038 

16,297 

19,557 


.0015 
.0045 
.0070 
.0095 
.0105 
.0120 


7,000 
8,000 
9,000 


22,816 
26,076 
29,335 


.0185 
.0145 


Broke  in  applying  strain^  pieces  being  cmahed 
off  upper  end. 


TABLE  CXXVI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  19  B.— Material:  Alloy.— Original  mixture:  34.95  Co,  6.5.05  Sn.— Analysis:  84.22  Cn, 

65.80  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


1,000 

0.002 

3,519 

.0010 

4,850 

0.051 

16,800 

.0255 

2,000 

0.006 

6,519 

.0030 

3,200 

0.066 

10.430 

.0330 

8,000 

0.011 

9,778 

.0055 

2,300 

0.096 

7,497 

.0480 

4,000 

0.016 

13.038 

.0080 

2,700 

0.111 

8,801 

.0555 

5,000 
6,000 
Strain  dec 

0.020 
0.024 
reasedto— 

16,297 
19,557 

.0100 
.0120 

Piece  bulged  out  in  the  middle 
menoed  at  6,000  pounds. 

.    Bulging  com- 

4,100 

0.044 

18,864 

.0220 
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RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS— Continued. 

Mbchakical  Labobatobt,  Depahtuevt  of  ENOixEBKntG,  Stbvexs  Imbtitutb  of  Tkchxoloot. 

TABLE  CXXVn— ALLOY  OF*  COPPER  AND  TIK. 

Original  mark:  No.  20  B.— Material:  Alloy.— Original  mixtore:  28.72  Cn,  71.28  Sn.— Analysis:  25.12 

Cu,  74.51  Sn.— Dimensions:  Length, 2'\    Diameter,  0.025^^ 


Load. 

Comprea- 
sion. 

Load  per 
square 

Compression  in 
parts  of  origi- 

Load. 

Compres- 

Load  per 
square 

Compression  in 
parts  of  origi- 

inch. 

nal  length. 

BIOIL. 

inch. 

nal  length. 

P(nmds. 

Inehet. 

Pounds. 

Powndt. 

Inches. 

Poundst 

1,900 

0.004 

4,880 

.0020 

3,150 

0.512 

10. 267 

.2560 

2,000 

0  010 

6,519 

.0050 

3.000 

0.561 

9,778 

.2806 

8,000 

0.018 

9,778 

.0090 

4,000 

0.023 

13, 038 

.0115 

Removed  piece. 

5.000 

0.029 

16,297 

.0145 

At  2,700  ponnds  (compression  0.077),  after  the 

5,500 

0.034 

17,927 

.0170 

piece  had  resisted  5,500  pounds,  a  wedge-shaped 

Strain  red 

need  to— 

piece  was  observed  to  be  cracked  off  at  the  upper 

4,460 

0.002 

14.505 

.0310 

corner,  but  not  separated.    At  2,000  pounds  (com- 

2,700 

0.077 

8,801 

.0385 

pression  0.243)  the  wedge-shaped  piece  was  crushed 

1.700 

0.088 

5,541 

.0440 

out  to  one  aide  of  the  compression  specimen. 

000 

0.136 

2,934 

.0680 

Soon  afterwards  a  second  wedge-shaped  piece 

1,000 

0.168 

8,259 

.0840 

was  crushed  off  from  the  opposite  upper  comer, 

1,600 

0.194 

4,889 

.0970 

and  when  the  test-niece  was  removed,  after  a  com- 
pression of  0.661,  Both  wedges  still  remained  at- 

2,000 

0.243 

6,519 

.1215 

2.600 

0.331 

8,149 

.1655 

tached  to  it. 

8,000 

0.458 

9,778 

.2290 

TABLE  CXXVin.— ALLOY  OF  COPPER  AKD  TIN. 


Original  mark:  No.  22  B.— Material:  Alloy.— Original  mixture:  21.18  Cu,  78.82  Sn.— 

AnalyslB:  20.21 

Cu,  79.62  Sa 

—Dimensions:  Length,  2".    Diameter,  0.625''. 

760 

0.011 

8,445 

.0055 

2,500 

0.184 

8,149 

.0920 

1,000 

0.0)5 

3.259 

.0075 

3,000 

0.238 

9,778 

.1190 

1,500 

0.018 

4,889 

.0090 

8,200 

0.274 

10,430 

.1870 

2,000 

0.022 

6,519 

.0110 

2,600 

0.317 

8,149 

.1585 

3,000 

0.026 

9,778 

.0130 

2,000 

0.416 

6,619 

.0280 

4,000 

0.034 

13,038 

.0170 

1, 200 

0.503 

8,911 

.2515 

5,000 

0.047 

16. 297 

.0235 

400 

0.581 

1.804 

.2905 

Strahidec 

reased  to— 

4,850 

0.068 

15,809 

.0340 

Piece  slipped  out  from  between  the  pressure- 

4.800 

0.089 

15.646 

.0445 

plates.    Bent  in  a  double  curve  with  a  crack  on 

3,000 

0.101 

9,778 

.0505 

the  convex  side  of  each  curve. 

3,200 

0.119 

10,430 

.0595 

1      Double  curve  observed  at  5, 000 pounds.    At  4, 800 

2,650 

0.137 

8.638 

.0685 

pounds  (compression  0.089)  the  resistance  decreased 
in  2  minutes  to  3,800. 

2,150 

0.167 

7,008 

.0835 

TABLE  CXXIX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  23  A.— Material:  Alloy.— Original  mixture:  15.19  Cu,  84  81  Sn.— Analysis : 

Cu,  84.58  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


15.12 


750 

0.008 

2,445 

.0040 

2.600 

0.793 

8,476 

.3965 

1,000 

0.012 

8, 259 

.0060 

2,800 

0.914 

9,127 

.4570 

1.500 

0.015 

4,889 

.0075 

2,900 

L027 

9,452 

.5135 

2,000 

0.030 

6,519 

.0150 

2,000 
In  5  minu 

C       0.112 
\       0.200 
«8  strain  do< 

}      6,519 
sreased  to— 

5.0560 
1.1300 

Removed  piece. 

At  2,000  pounds  (compression  0.112)  the  piece 
was  slightly  bulged  out  i  inch  from  the  bottom. 

1,600 

0.338 

5,215 

.1690 

At  2,900  (compression  1.027)  the  wedge-shaped 

1.400 

0.417 

4.563 

.2085 

pie<;es  separated  tiom  the  remainder  of  the  speci- 

1,600 

0.500 

4.889 

.2500 

men. 

1,700 

0.609 

6,641 

.3045 

2,000 

0.706 

6,519 

.8530 

TABLE  CXXX.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  24  B.— Material:  Alloy.— Original  mixture:  11.84  Cu.  88.16  Sn.— Analysis:  11.48 

Cu,  88.50  Sn.— Dimensiona:  Length,  2",    Diameter,  0.625". 


500 

0.012 

1,630 

.0060 

Removed  piece. 

1.000 

0.020 

8,259 

.0100 

At  3, 100  a  slight  double  curve  was  observed. 

2,000 

0.032 

6,619 

.0160 

At  3,400  the  scale-beam  dropped  instantly  if  the 

3,000 

0.050 

9,778 

.0295 

motion  of  the  handle  was  stopped,  but  rose  on  start- 

3,100 

0.130 

10,104 

.0695 

mgagain. 
When  removed,  the  piece  was  slightly  bent  in 

8,000 

0.174 

9,778 

.0870 

8,400 

0.609 

11,082 

.2995 

a  double  curve  and  increased  in  diameter  to  about 

8,900 

0.857 

12, 712 

.4285 

0.85  inch. 

4,800 

1.008 

14, 016 

.6040 
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TESTS  OF  ICBTALS. 


BECORD  OF  TESTS  BT  COMPRESSIVE  STEESS-Continaed. 

IffBCHAKlCAf.  LABO&A.T0RT,  HKtAXTUKST  OF  XHQUIXBSnfO,  fiRYim  iHnTTUIS  OV  TSCmrOLOOT. 

TABLE  CXXXL— ALLOT  OF  COPPBB  AND  TIK. 

Orlgiiialiiuurk:  ITo.  95  A.— Material:  A1]av.>-0rlgiiialmixtiiz«:  0.70  Ccu  00.80  Sn.— AnalyaU:  8.570a, 

01.80  SD.~Dlm6naioiLB:  Length,  2".    Diameter,  0.625". 


Load. 


Pound*, 
150 

1,000 

2,000 


Compiea- 
aion. 


Jnehet. 
.0000 

.0009 

.U17 


Load  per 
square 
tnch. 


Poundg. 


8,250 
fl^SlO 


CompreMioniii 
puts  of  origi- 
nal length. 


0004 
0568 


Load. 


Pounds. 
8.000 


Compiea- 
Bion. 


Lifted  the 


Load  per 
square 
inch. 


POIMUU. 


Compreaiian  in 
parts  of  origi- 
nal length. 


Wedgemhaped  pleoea  cracked  at  the  top 
bottom  of  the  specimen,  but  did  not  break  ofll 


TABLE  CXZXIL—ALLOY  OF  COPPBB  AND  TIN. 


Original  mark:  No.  20  B.— Material 

86.81 


aterial:  AUov.— Original  mixture:  4.29  Cu,  05.71  Sn.—Ajialy8is:  3.72  Cn, 
Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 
1,000 


,0000 
0007 


8,259 


.00035 


2.000 
3,000 


.6845    I         6.519 
Lifted  the  beam. 


TABLB  CXXXIIL—ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  No.  27  D.^Material:  Alloy.— Original  mixture:  1.11  Cu,  96.89  Sn.-— Analysis:  0.74  Co, 

99.02  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


160 

.0000 
.0078 

2.000 
8,000 

.7264 

6,619 

.8632 

1,000 

« 

8,859 

.0036 

TABLB  CXXXIV.— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  No.  28  C— Material :  ABoy.— Original  mixture :  0.657  Cu,  09.443  Sn.— Analysis:  0.82  Cn, 

99.46SU.— Dimensions:  Length,  2".    Diameter,  0.625". 


160 
1,000 
2,000 


.0000 
.0038 
.7520 


8,359 
6^510 


0019 
3760 


8,000    I  Lifted  the  beam. 
Cracked  through  the  middle,  bat  did  not  aepaxate. 


TABLE  CXXXV.-OAST  TIN. 

Original  mark :  Na  29  C— Material :  Banca  tin,  cast  in  iron  mold.— Dimensions :  Length,  2".   Diameter, 

0.625". 


1,250 
1,500 
1,760 
1,850 
1,900 
2,000 
2,000 
2,200 
2,800 


0.003 
a  012 
0.048 
0.097 
0.158 
0.265 
0.473 
0.612 
0.729 


.0015 
.0060 
.0215 
.0486 
.0700 
.1325 
.2365 
.8060 
.8645 


2,300 


0.899 


7.497 


.4445 


Bemoved  piece. 

At  1,850  pounds  the  piece  was  observed  to  be 
bulging  out  on  all  sides,  but  still  remaining  Terti- 
cal.  At  the  end  of  the  test  the  piece  had  a  slight 
bend  in  one  direction,  and  was  increased  in  diame> 
ter  to  0.85  and  0.89  inch  in  difTereiit  parts  of  the 
length. 


TESTS   OF  METALS. 
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BECORD  OF  TESTS  BT  COMPBESSIVE  STRESS— Contiiiaed. 

Hbchahical  Labohatobt,  DBPABiMsarr  of  Bmoikkbeiko,  Stbvxks  Iwbtitutk  of  Ibchkoloot. 

CXXXVL— OAST  COPPBB. 

Original  mark:  No.  80.— Moterial :  Lake  Superior  copper,  oaat  in  lion  mold.— Dimensiona :  LeDsth,  2" 

Diameter,  0.625". 


Compiea- 
aion. 

Load  per 

Compreacion  in 

Comprea- 
aion. 

Load  per 

Compreaaion  in 

Load. 

square 
inch. 

parte  of  orig- 
inal length. 

Load. 

aqnare 
inch. 

parte  of  orig- 
inal length. 

Foundt, 

Jnehet, 

FoundM. 

Faundt, 

InthM, 

Foundt, 

600 

0.003 

1,630 

.0015 

12,000 

U.162 

39.114 

.0810 

1,000 

0.005 

8,259 

.0025 

13,000 

0.205 

42,878 

.1025 

2,000 

0.008 

6,519 

.0040 

14,000 

0.251 

45,633 

.1255 

8,000 

0.0U 

9,778 

.0055 

16.000 

0.204 

48,802 

.1470 

4,000 

a  014 

13,038 

.0070 

16,000 

0.337 

52,152 

.1685 

6.000 

0.018 

16,297 

.0090 

18,000 

0.422 

58,971 

.2110 

6,000 

0.021 

19,557 

.0105 

20.000 

0.610 

65,190 

.2550 

7,000 

0.028 

22,816 

.0130 

21,000 

0.559 

68,449 

.2795 

8,000 

0.035 

26,076 

.0175 

22,000 

0.642 

71,709 

.8210 

9,000 
10,000 
11.000 

0.051 
0.080 
0.119 

29,835 
82,695 
86^864 

.0255 

.0400 

-.0505 

Piece  removed  dightly  bent 
Sorflaoe  wrinkled. 
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TESTS   OF   METALS. 


TESTS  BY  TORSIONAL  STRESS. 

MSCOiNICAL  LaDORATOBY,  DBPARTHEXT  of  SXOnBBRnfO,  STBYBKB  IK8TITUTB  OF  TSCHXOLOOT. 

TABLE  CXXXYIL— COPPER  AND  TIN  ALLOYS— IflT  SKsna. 

BX8ULTB  OF  TB8TB  CALCULATBD  FBOM  THB  AUTOGRAPHIC  BTRADI  DIAORAM. 


i 

• 

• 

I 

1 

t  elaatlc 
t. 

1 

•*• 

u 

a 
o  . 

11 

KOw 

'S 

3 

1 
1 

^1 

<8 

9 

II 

§a 

1 

2 

'5b 

a 

« 

r 

4-*  9 

1 

Sq.in. 
1.15 

Dtg. 

Ins. 

In$. 

Ftlbt. 

FLWt. 

Ft.  lb: 

1  A.. 

49.0 

0.40 

0.17 

57.83 

3a  82 

0.0351 

32.85 

1  C. 

a86 

20.5 

0.45 

0.20 

63.70 

34.34 

0.0104 

22.64 

ID.. 

1.90 

46.0 

0.55 

0.20 

75.46 

34.34 

0.0310 

47.65 

2  A.. 

25.70 

296.0 

LOS 

0.25 

137.39 

40.22 

0.8900 

682.78 

9B.. 

24.30 

339.0 

L30 

0.20 

163.53 

34.34 

1.1021 

662.23 

2  C. 

11.65 

177.0 

0.80 

0.20 

104.81 

34.34 

0.3890 

272.28 

Defective;  aeTenl blowhoka. 

8D.. 

laoo 

169.0 

0.75 

0.30 

99.04 

46.09 

0.3600 

23a  80 

DefoctiYe;  several  blowholea. 

3  A.. 

42.25 

373.0 

1.45 

0.30 

181. 15 

46.09 

L2609 

936.56 

3  B.. 

13.70 

168.5 

LOO 

0.38 

1:^30 

55.50 

0.3581 

312.69 

3  C. 

28.50 

286.0 

L25 

0.40 

157.66 

57.83 

0.8529 

658.77 

3  D.. 

22.50 

162.0 

L28 

0.35 

160.60 

52.56 

a3344 

49L82 

4  A.. 

17.74 

166.0 

L40 

0.35 

175.28 

6L96 

0.3490 

396.03 

4B.. 

ia22 

136.0 

L40 

0.35 

175.28 

51.96 

0.2451 

296.70 

4  0.. 

8.10 

90.0 

LIO 

0.53 

140.04 

71.94 

0.1140 

183.05 

4  D.. 

10.40 

110.5 

L18 

0.50 

149. 45 

69.58 

0.1676 

234.08 

5  A.. 

12.70 

122.5 

L40 

0.40 

175.28 

67.83 

0.2026 

283.49 

6B.. 

0.05 

39.0 

0.38 

0.20 

55.48 

34.34 

0.0224 

26.85 

Defeotive ;  large  cavity. 

60.. 

11.08 

106.5 

L40 

0.65 

175.  28 

87.20 

0.1564 

265.70 

5D.. 

5.10 

68.0 

0.95 

0.40 

122.43 

67.83 

0.0666 

117.40 

Defeotive;  seyeral  blowliolea. 

6  A.. 

6.36 

69.5 

L15 

0  50 

145.92 

09.58 

0.0694 

143.51 

Defective  throogh  liqoation. 

«B.. 

1L45 

100.  0 

L46 

0.60 

182.  H2 

81.32 

0. 1391 

253.61 

6  C 

7.95 

87.0 

L14 

0.45 

144.74 

63.09 

0.1068 

179. 41 

Defective  through  liquation. 

«D.. 

5.82 

61.0 
14.0 

L05 

0.55 

134. 17 

75.45 

0.0539 

130.83 

Defective  through  liquation. 

7  A.. 

L45^ 

L38 

L25 

172.93 

157.66 

0.0029 

82.37 

7B.. 

0.30 

5.0 

L78 

0.78 

102.46 

102.46 

0.0004 

7.10 

Defective;  large  cavity. 

7  0.. 

L89 

21.8 

L65 

0.70 

204.64 

93.07 

0.0065 

42.86 

7D.. 

L42 

13.0 

L66 

0.80 

192.89 

104.81 

0.0025 

3L66 

Equivalent 

maximum  tor- 

• 

Diameter. 

sional  moment 

8  A.. 

0.07 

8.0 

0.90 

0.90 

116.65 

116.55 

0.0013 

2.00 

of  piece!  inch 

8  B.. 

0.22 

4.0 

L02 

L02 

130.65 

130.65 

0.0024 

6.27 

diameter. 

80.. 

0.16 
0.15 

3.0 
3.5 

L05 
0.82 

L05 
0.82 

134.17 
107. 16 

134.17 
107. 16 

0.0013 
0.0019 

3.85 
3.74 

8D.. 

Jnehst. 

9D.. 

0.08 

L6 

L50 

L50 

64.90 

64.90 

0.0008 

0.63 

a  970 

17.68 

11  A.. 

0.12 

0.75 

3.40 

3..40 

68.61 

68.51 

0.0002 

.a36 

0.965 

16l44 

12  A.. 

0.08 

1.0 

L20 

L20 

2L10 

2L10 

0.0003 

0.26 

0.900 

7.06 

13  0.. 

0.10 

LO 

L45 

1.45 

32.41 

32.41 

0.0003 

0.41 

a960 

&94 

14  D.. 

0.06 

LO 

2.80 

2.80 

4&31 

48.31 

0.0003 

0.19 

0.956 

13.64 

15  B.. 

0.09 

LO 

3.70 

3.70 

68.62 

63.62 

0.0003 

0.28 

0.965 

17.28 

15  D.. 

0.09 

LO 

2.45 

2.45 

42.85 

42.35 

0.0003 

0.28 

0.940 

12.46 

16  A.. 

0.07 

LO 

1.80 

LSO 

66.47 

66.47 

0.0003 

0.64 

0.945 

16.34 

16  B.. 

0.09 

0.5 

2.15 

2.15 

102.30 

102.30 

0.0001 

0.68 

0.945 

29.60 

16  0.. 

0.12 

L25 

4.00 

4.00 

68.72 

68.72 

0.0004 

0.37 

0.880 

23.80 

17  A.. 

0.05 

2.0 

L45 

L45 

62.79 

62.79 

0.0013 

0.43 

0.940 

ia46 

17  0.. 

0.12 

L2 

2.20 

2.20 

94.41 

94.41 

0.0004 

0.92 

0.922 

29.41 

17  D.. 

0.10 

L75 

L65 

L65 

36.45 

36.45 

0.0004 

0.45 

0.626 

86.46 

18  A.. 

0.06 

LO 

L05 

LOS 

45.93 

45.93 

0.0003 

0.40 

a896 

16.64 

18  0.. 

a  10 

2.6 

L20 

L20 

27.37 

27.87 

0.0009 

0.49 

18  D.. 

0.08 

L6 

L20 

L20 

27.37 

27.37 

0.0004 

0.87 

TESTS  OF  HETALS. 
}  BT  TORSIONAL  STBES8— CoDtitmed. 
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^ 

s 

1 

■s. 

1^ 

i 

1 

1 

1 

l-J 

"i 

ll 

No. 

1 

•s 

< 

; 

si 

H 

1 
1 

a 

Is 

1° 

It 

D.». 

/w. 

7n». 

Ft.a-. 

Jltt.. 

FLO,. 

10  A.. 

1.1 

O.SS 

0.83 

MB.. 

leD.. 

0.02 

1.75 

oiss 

o!ae 

10- M 

10:84 

o!oooo4 

o.n 

20  A.. 

o.oi 

0.8 

0.38 

0.33 

10.  S4 

10.84 

0.00001 

0.08 

iMige  orirRtnllliie.  weakeati  flm 

20  B.. 

0.W) 

4.5 

LOO 

1.00 

35.44 

B0l44 

0.OO0S0 

1.80 

BiSSholeii,™^?"'' 

20C.. 

0.00000 

WD.. 

ft04 

1.7S 

o,*s 

0.40 

12.24 

IZJ4 

O.0O0O4 

0:24 

!i  A.. 

0.5T 

l.M 

O.OOOSD 

2.25 

LIS 

Mlaa 

aft  30 

0.00OS 

1.W 

1.0 

1.M 

Ves 

22  C.  . 

0.20 

0.80 

0.02 

»D.. 

a.2s 

0.4S 

12.24 

12.24 

0.0001S 

aw 

2a  A- 

2.T« 

1.10 

15:2«     0.O0T2 

b!o8 

M-O 

2L72 

10.  31  .  0.  0100 

8.03 

0.B3 

10.  BO  '  0.  0040 

70.0 

24.85 

IS.  30     0.  0890 

82.09 

2*C- 

MD.. 

160 

4tO 

a»o 

0.00 

2L3S 

10.B«.0:0250 

It  83 

25  A.. 

11.88 

21.31! 

28.30 

m.5 

o!85|0:4S 

20.31 

89:  S3 

2SD.. 

S.M 

io!2o 

28  A 

T45 

117,0 

0.70  'o.40 

17.29 

11.23 

82.80 

Bldvbolelneentar!  defectiTB. 

2«b:: 

leioi 

18.30 

V^ 

IflC. 

BlQithplo  to  ceaItT;  defooHre. 

20  D. 

1(1.40 

mo 

1.15     0.40 

75.22 

OTA. 

mo 

Bloirholeiaoontei;  defeoUvn. 

sreis 

0.30 

17.28 

liaioe 

arc" 

law 

0.80 

27D. 

74122 

Blowhole  in  center  i  defeoUve. 

28  A- 

1.14 

258.  0 

0.10 

0.00 

M7 

0.00 

0.7309 

72.30 

Kct,    Tested  witElooponnd* 

28B. 

6w:o 

0.70 

28D. 

21.  T3 

aoo 

0.20 

15.20 

7.10 

103.05 

2»  A. 

25.10 

5S1.0 

0.5S 

0.15 

14.20 

0,18 

3.JT50 

.20-88 

MB. 

o!56 

LB883 

0.18 

100.09 

2a  d! 

ItBi 

596:o 

oao 

o!io 

b:21 

6.17 

2.4*10 

0L»0 

195.80 

o!40 

U.3-i 

331,00 

acic- 

21.27 

380.40 

30  D. 

172.0 

1.50 

0.45 

155.21 

49,30 

0.3712 

ea  330.  378;  tbe  ples«  marked 


and^  Itao  colnmn  of  "  Rema 
which  Ik  found  by  dltidlna  t 
ameter  of  the  piece  to  the  en 
The  reallienrn  at  the  piKea 


rka'*  la  ^tou  the  equivalent  toralona]  mooient  of  a  piece  of  alandard  alco. 
he  moment  aa  foona  from  the  dlARram  hy  the  ratio  of  the  cubeof  tbedl- 
be  of  0,020  inch,  the  toraional  streDjftbTaryin^r  aa  Ihe  cabe  of  the  diameter 
la  the  reallieneo  of  the  piece  >a  tested,  Mid  not  that  of  aapo' 
be  given,  M  at  pteoent  the  relation  of  tt    '—  ' — '  — 


.  ofaapooimeDOl 
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TESTS  OF  METALS. 


EECOBD  OF  TESTS  BT  TBAKSYERSE  STRESS. 


Hbchaxical  Labobatobt,  DwrAKTMEST  or  ExoDnBuiKa,  Stsyshb  luruTuis  or  Tbcbsoloot. 

TABLE  CJLXAVUJL-nALLOT  OF  COPPER  AHD  TIN. 

:  Length 


OrigiDal  mark:  Ko.  Bl.^MftterUl:  Alloy.— Orighud  mixture:  07.5  Co,  2.5  Sd.~ 

between  rapport*,  I  =  23".    Breftdth,  b  =  0.050".    Depth,  d  s  0.077". 


Loud. 

Deflection. 

A 

Set. 

Modnlns  of 
elaeticity. 

E        ^'^ 

Reelstukce  decreMee  slowly. 

the  under  side  of  b*r.    The  resistance  decreased 
as  the  deflection  was  increased,  till  the  bsr  broken 
Breaking  load,  860  pounds. 

Pounds, 
10 

0.0110 
a  0145 
0.0207 
0.0321 
0.0438 
0.0552 
0.0674 

Incks^ 

3  PI 
1     Modnlns  of  rapture^  R  =  2  5^  =  13,014. 

The  ftaotnre  was  full  of  blowholes,  and  wss 

20 

partly  oxidised,  showing  that  the  oruk  was  sa 
old  one. 

40 

5,760.730 

7,441,347 
8,274.843 
8,654,608 
8,860,050 

80 

(Bsr  defeetlTei  tsst  worthless.) 

120 

160 

aoo 

8 

0.0100 

240 

0.0828 
0.0082 
a  1188 
0.1568 

8,717,780 
8,513.506 
8.042,667 
6,855.244 

280 

820 

860 

TABLE  CXXXBL^ALLOT  OF  COPPER  A2n>  TTET. 

Original  mark:  "No.  82,~Material:  Alloy.— Original  mixture t  02.5  Co,  7.5  Sn.— DImenaloiis:  Length 
between  supports,  {  =  22".    Bresdth,  5  =  0  056".    Depth,  d  =  0.062". 


Load. 

A 

Set 

Modulus  of 

elasticity. 

^-4aMI 

Load. 

Deflection. 

A 

Set 

Modulus  of 
elasticity. 

•■-4AM* 

Potmdt, 
10 

0.0060 
0.0104 
0.0185 
0.0278 
0.0376 
0.0472 
0.0572 

Indls.. 

Pounds. 

3 

600 

640 

680 

730 

760 

800 

3 

800 

840 

880 

020 

060 

1,000 

1,040 

1,080 

8 

Indus, 

a0655 

20 

0.2005 
0.2365 
0.2867 
0.3511 
0.4600 
0.6031 

40 

6,357,750 
8,461,765 
0.384.450 
0, 067, 673 
10, 281, 341 

i0,"564,'688"' 

10, 706, 500 
10,602,504 
10, 768, 738 
10,644,211 

7,867,281 

80 

120 

6.030,003 

160 

200 

8,000,466 

3 

aoo35 

0.4113 

240 

0.0678 
0.0760 
0.0880 
0.0083 
0. 1105 

0.6202 

0.7702 

1.0427 

1. 3217 

1.74 

2.13 

2.63 

&78 

280 

320 

860 

400 

3 

0.0145 
Beam  sinks 

1,880,404 

440 

0.1232 
0.1380 
0.1535 
0.1710 
0.1863 

10,501,656 

10, 161, 420 

0, 061, 177 

0, 570. 171 

8,087,668 

480 

840.132 

520 

a4o 

660 

600 

Bar  bent  to  deneonon  or  v  wit&out  breaking. 

8 

0.0577 

Breaking  load  (or  the  load  causing  deflection  of 

600 

0.2066 

8^')  1,080  pounds. 

Reeistsi 
Reaistai 

ice  decreased 
loedeoreasec 

I  in  2*  to  566  pounds, 
i  in  1^  49*  to  662  pounds. 

Modi 

ilnsofrupto: 

8  38,660. 

TESTS   OF  METALS. 
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BECORD  OP  TESTS  BY  TRANSVERSE  STRESS— ContlnnecL 

iSecond  $erk8,'] 

Hbchamical  Labobatobt,  DBPjjtmBirr  of  BHonnnRiKo,  Stkvskb  Ihshtdtb  or  Tbchnoloot. 

TABLE  CXL.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  Ko. SS.^Material :  Allo7.>-Origlnal  mixture:  87.6  Cn,  12.6  Sn.— Dimecisiona:  Length 

between  snpports,  22".    Breadth,  O.OTS*'.    Depth,  0.977". 


Load. 

Deflection. 

Set 

Hodalaa  of 
elaaticitj. 
PJ» 

Load. 

Deflection. 

Set 

Hodnlns  of 
elasticity. 
PP 

^-4A6d« 

'"-4  AM* 

FoundM. 
10 

Jnehet. 
0.0042 
0.0075 
0.0125 
0.0236 
0.0332 
0.0409 
0.0508 

Inchei. 

Poundt. 
1,000 

3 
1,040 
1,080 
1,120 
1,160 
1,200 

3 
I  1,200 
!  1,240 
1.280 
1,300 
1,820 
1,360 
1,400 
1,440 
1,480 
1,520 
1,560 
1,600 
1,640 
1,680 
1,700 

3 
1,700 

Inehet. 
0.8245 

Inehet, 

20 

0.0910 

40 

9, 887, 752 

9, 969, 873 

10,603,633 

11,478,087 

11,549,891 

0.3611 
0.3999 
0.4493 
0.5122 
0.6727 

80 

8^002,040 

120 

160 

200 

6^147,034 

8 

0.0049 

a2827 

240 

0.0606 
0.0701 
0.0793 
0.0690 
0.0980 

11.618,508 
11.717,949 
11,838,275 
11,860,978 
11, 974, 171 

"*"i2,'662,'435"** 

0.5892 
0.6475 
0.7485 
0. 8111 
0, 8701 
0.9892 
L1419 
1.8032 
L4878 
1.6700 
1.8500 
2.1000 
2.4500 
2.1000 
8.5000 

280 

820 

■••••• ««•••■ 

860 

400 

3 

0. 0086(?) 

440 

0.1071 
0.1168 
0.1255 
0.1355 
0.1461 

8,606,760 

480 

520 

12, 155, 454 
12, 127, 844 
12,047,986 

560 

6U0 

3 

0.0112 

2,286^179 

640 

0.1568 
0.1678 
0.1800 
0.1933 
0.2074 

680 

11,888,540 
1  aloirlv. 

720 

Bf^im  ffinkf 

1,424,987 

760 

...!T...... ---:•' 1 

2.81 

800 

11,815,997 

3 

0.0284 

....a.  ......    ......  ...__.,....._...--...-... 

840 

0.2260 
0.2475 
0. 2716 
0.2064 

Bar  broke  arcer  a  aeneonon  or  aoout  4". 

880 

Breaking  load  1,700  pounds. 

920 

9,937,327 

8P{ 

960 

......  .  .  . 

Hodolos  ox  raptare,  B  —  ^td*  —  ^i^^* 

TABLE  CXLI^ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  84.— Material:  Alloy. — Original  mixture:  82.5  Co.  17.6  Sn. — ^Dimensions:  Length 

between  supports,  22".   Breadth,  0.930".    Depth,  0.970". 


10 

20 

40 

80 
120 
160 
200 

10 
240 
280 
320 
860 
400 

10 
440 
480 
520 
56J 
600 

10 
640 
680 
720 
760 
'800 

10 
800 
Besistanoe 

10 
840 
880 
920 
900 


0.0060 
0.0080 
0. 0135 
0.0227 
0.0316 
a  0405 
0.0481 


0.0560 
0.0646 
0.0729 
0.0804 
0.0681 


0.0940 
0,1027 
0.1099 
0.1174 
a  1265 


0.1340 
0.1409 
0. 1473 
0.1549 
0.1631 


0.0035 


0.0035 


a0028 


0.0061 
a  1618 

decreased  in  19^  45"  to  788  pounds. 
0.0047 


9.006,944 
10, 820, 152 
11,659,056 
12, 129, 260 
12. 765, 982 


13,158,079 
13, 807, 417 
13,476.957 
13, 747, 250 
13, 939, 699 


14,871,235 
14,849,611 
14. 526, 967 
14, 644, 998 
14, 562, 305 


14, 663, 731 
14,817,285 
16, 007. 180 
15,063,694 
15, 050, 318 


0.1702 
0.1790 
0.1873 
0.1959 


15, 152, 664 
15.093,815 
16. 080, 625 
14, 045, 481 


1,000 
10 
1,040 
1,080 
1,120 
1,100 
1,200 
1,240 
1,280 
1,820 
1,360 
1,400 
10 
1,440 
1,480 
1,520 
1,560 
1,600 
10 
1,640 
1.680 
1,720 
1,760 
1,800 
1,840 


0.2060 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 


2157 
2264 
2377 
2472 
2614 
2728 
2852 
3003 
3175 
8330 


0. 
0. 
0. 
0. 
0. 


8495 
3698 
8880 
4170 
4393 


0. 
0. 
0. 
0. 
0. 
0. 


4575 
4825 
5247 
5464 
5757 
6125 


a0098 


a0436 


0.0985 


14,903,838 
"i4,"862,'i87" 


14,466^820 


18,496,466 


12,055.889 


10,064,870 
'"9,"228,'i87' 


Broke  suddenly  with  a  ringing  sound  about  80 
seconds  after  putting  on  the  stn^  and  Just  after 
readlnff  the  deflection. 

Brei&ing  load,  1,840  jMunds. 

3P{ 

Modulus  of  rupture,  B  =  «  hS*  ^  ^t^^' 
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RECORD  OF  TESTS  BY  TRANSVERSE  STRESS-Continadd. 

ISeoaud  ieries.'}. 

Mbchaxical  Laboratory,  Dipartmut  or  ExoDnucRixo,  Btivrxs  Ixbtxtuts  of  Tbchxoloot. 

TABLE  CXLIL— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Ka35. — ^Material:  Alloy. — Original  mixtnre:  77.5  Co,  22.5  Sn. — ^Dimouiona:  Lcsutli 

between  anpporta,  23t*.    Breadth,  0.M6".    Depth,  0.968". 


Load. 

Deflection. 

Powidt. 

Inehei. 

10 

0.0032 

ao 

0.0055 

40 

0.0005 

90 

0.0180 

lao 

0.0276 

160 

0.0358 

aoo 

0.0436 

3 

240 

0. 0510 

280 

0.0601 

820 

0.0689 

860 

0.0766 

400 

0.0852 

3 

440 

0.0032 

Set. 


InchM. 


0.0035 


a0035 


Modnlns  of 
elaaticity. 
Pi» 

^  =  4A6cr» 


12.805,342 
13,516.751 
13, 222, 905 
13,  592,  263 
13, 950, 775 


14, 063, 667 
14, 168, 971 
14, 092, 421 
14, 293. 167 
14,278,257 


14, 357, 924 


Pounds. 
480 
5'.>0 
560 
600 

8 
640 
680 
720 
760 
800 

8 
840 


Deflection. 


Inches. 
0.0994 
0.  IOjO 
0. 1145 
a  1229 


Set 


Inehsa. 


0.0038 


0. 1308 
0.1385 
0.1458 
0. 1528 
0.1606 


Modnlna  of 
elaaticity. 
PJ« 

^  =4aM» 


14,686,206 
14.967,942 
14, 874, 325 
14,847,529 


14,880.829 
14, 931, 850 
15, 018. 612 
15,126,728 
15^149,535 


0.0045 
Broke  in  pnttiog  on  strain. 
Breaking  load,  820  poonds. 

3  PI 
Hodolna  of  mptnTe,  R  =  2  bd*  ~  ^•^'^ 


TABLE  CXLin.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  36.— Material:  Alloy  (second  caatinc).— Original  mixture:  72.9  Cn,  27.5  Sn.~Di- 
menaions:  Length  between  supporta,  22''.    Breadth,  0.998".    Depth,  1.004". 


10 

0.0013 

20 

0.0036 

40 

0.0077 

80 

0. 0143 

120 

0.0208 

160 

0. 0276 

200 

0.0329 

4 

200 

6.6336 

220 

0.0358 

0.0018 


13,691,334 
14, 744,  515 
15, 205, 280 
15, 278, 736 
16, 021, 775 


16, 196. 313 


240 
260 

280 
290 
800 


0.0386     16.387,041 

0.0422      16.238»1T9 

0.0453      16,290,571 

0.0475       16,090.922 

Broke  in  applying  atrahi. 


Breaking  load,  290  poonda. 

Modulus  of  rupture,  E  =  s  ^  ==  9,512. 


TABLE  CXLIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  37.— Material:  Alloy.— Original  mixture:  67.6  Cu,  32.5  Sn.— Dimensions:  Length, 

between  supports,  22".    Breadth,  9.965".    Depth,0.087". 


10 

0.0068 

20 

0.0097 

30 

0.0110 

40 

0, 0133 

60 

0. 0161 

80 

0.  0109 

100 

0.0239 

120 

0.0280 

140 

0. 0313 

160 

0.0341 

180 

0.0375 

8,628,548 
10, 691, 894 
11, 533, 636 
12, 473,  879 
12, 295. 678 
12,832,669 
13, 461, 545 
18,771,159 


200 
5 
220 
240 
260 
270 
280 


0.0403 

0.0032 
0.0435 
0.0466 
a  0501 
0.0520 
Broke  in  applying  atrain. 

Breaking  load,  270  pounds. 

8  P{ 
Modulus  of  rupture,  R  =  2  M*  ~  ''^"^ 


14,238.174 


14.509,843 
14, 775, 923 
14, 888,  979 
14,886,091 
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SECOBD  OF  TESTS  BT  TRANSVEBSE  STRESS-Continned. 

HiciuincAL  Labobatoet,  Dsfabtkbrt  of  EHoiRBBBora,  STK7SX8  IirstiTirni  or  Tschholoot. 

TABLB  CXLY.—ALLOY  OF  COPPER  AND  TUf. 

Orisfaud  mark:  No.  88  (E— F).— Mfttorial:  AUov.— Origliial  mixtcm:  82.5  Cu,  87.5  Sn.~1>iineii«ioiis: 
Length  between  anpporta,  9".    BnAdth,  0.985".    Depth,  0.996".    Middle  portion  of  original  bar. 


Load. 


Poimdf. 

12 

42 

80 

100 

120 

140 

0 

140 

160 

180 

200 

220 


Defleotion. 

A 


Inehet. 
0.0035 
0.0065 
0.0125 
0. 0135 
0.0145 
0.0155 


0.01S6 
0.0163 
0. 0173 
0.0185 


Set. 


JiMftM. 


aoos6 


Modalna 

of  elastioity. 

PP 


1,218,668 
'i*89i*324" 


1,696^517 


Broke  in  applying  strain. 


1,623,297 
1,954,287 
2,030,581 


Breaking  load,  210  pounds. 

8    PI 
Modnlnaofmptare,R=-2  xa  =2,907. 

The  irregnlaiity  of  the  first  three  deflections 
given  above  was  caosed  by  the  bar  not  resting 
evenly  on  the  supports.  It  was  slightly  warped, 
and  at  the  beginning  of  the  test  oi^  the  eomers 
toaohed  the  supports.  The  comers  appeared  to 
be  crashed  at  the  lower  preworos  oelow  80 
ponnda. 


TABLB  CXLYL—ALLOY  OF  COPPER  Ain>  TTET. 

Original  mark:  Jfo,  39  (B— E).— Katerial :  Alloy.— Original  mixture:   57.6  Co.  42.5  Sn.— Dlmensiona: 
Length  between  supports,  17''.    Breadth,  1''.    Depth,  0.985".    Lower  portion  of  original  bar. 


Load. 

Deflection. 

A 

Set. 

Modulus 
of  elasticity. 

^hrAM» 

Breaking  load,  142  pounds. 
Hodulnaof  mptnre^R-.  2  5({a  =8»78S« 

Potcndi. 
22 

Inehet. 
0.0042 
0.0085 
0. 0105 
0. 0132 
0.0160 
0.0180 
0.0210 

ATWHWv 

42 

6^850,411 
7,588,929 
7.988,956 
8,739,548 
8,710,948 
8,690,546 

62 

t 

82 

102 

122 

• 

142 

TABLB  GXLVn.— ALLOY  OF  COPPER  AND  TUT. 

Original  mark:  No.  40  (A— B).— Katerial:  Alloy. —Original  mixture:  52.5  Co,  47.5  Bn.—DimensionBt 
Length  between  supports,  O''.    Breadth,  1.015^'.    Depth,  1".    Upper  portion  of  original  bar. 


Load. 


Powndt. 

21 

41 

61 

81 

101 

121 

141 

161 


Deflection. 


Set 


Inehsi. 


Inehet. 

0.0020 
0.0037 
0.0050 
0.00i>5 
0.0065 
0.0071 
0.0080 
Broke  in  applying  strain. 


27  T  H 


Hodulua 
of  elasticity. 

E=_?fL_ 


1,889,682 
2, 190, 591 
2,644,880 
2,790,084 
8,060,051 
8,164,686 


Breaking  load,  160  pounds. 

8    PI 
Modulus  of  rupture,  B  =  y  y^  =  l^Wlk 
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BECORD  OF  TESTS  BY  TRANSVERSE  STRESS—Continaed. 

ISeoand  «0He9.] 

IflCHAinCAL  LABORiLTORT,  DBPABHODIT  OF  EnGIHEBRCCO,  StBYRXB  IKBTITUTE  OP  TBCmiOLOGT. 

TABLE  CXLYin^ALLOY  OF  COPPER  JJSJ}  TIN. 

OrlgiiiAl  mark:  No.  41  (A— F).— Katexial:  Alloy.— Original  miziare:  47.5  Co,  52.5 Sii.->I>iiiMitBlont: 
Length  between  aupports,  15^'.    Breadth,  0.982'\    Depth,  0.080".    Upper  portion  of  original  bar. 


Load. 

Deflection. 

a 

Powndt. 

2nehe§. 

10 

0.0018 

20 

0.0030 

40 

0.0047 

60 

0.0036 

80 

0.0075 

100 

0.0008 

120 

0. 0115 

140 

0.0134 

160 

0.0151 

Set 


Jnckt$» 


Kodnlus 
of  elaaticlty. 
PP 


E= 


4A6d* 


7, 030, 002 
8, 875, 059 
0, 940. 064 
9. 608, 091 
9, 723. 976 
9, 736, 077 
9, 874, 239 


Load. 


Poundt. 
180 
200 
4 
220 
240 


Defleetion. 

a 


Jnehet. 
0.0167 
0.0180 


0.0186 


Set. 


Inehei. 


0.0022 


^odnlos 
of  elas^ieitT. 

E=-^''  ' 
4A~ImP 


Broke  in  applying  strain. 


10.044,225 
10,354,234 

'ii,'Q22,'256' 


Breaking  load,  280  pounds. 

8    PI 
Kodnlos  of  mptare,  B^  -z-  -r^  ss  5^60L 


TABLE  CXLIX.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark :  No.  42  (A— F).— Material:  Alloy.— Original  miztnre:  42.5  Cm  57.5  Sn. — DimenwioiM; 

Length  between  supports,  IS''.    Breadth,  0.905^'.    Depth,  0.995". 


22 

0.0063 

42 

0.0060 

82 

0.0124 

102 

0.0158 

122 

0.0188 

142 

0.0215 

162 

0. 0249 

182 

0.0285 

10,412,693 
9, 836, 878 
9, 603, 028 
9, 653, 107 
9, 824, 600 
9, 677, 898 
9,490,300 


202 
222 
227 


0.0319 
0. 0357 
Broke  in  applying 
end. 


atrain 


9.419.455 

0.250,174 

5  inches  from  A 


Breaking  load,  222  pounds. 

8    PI 
Modulus  of  rupture,  B  =  2"  ~5d*'  ^^  ^^^^ 


TABLE  CL.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  42  (F—C).— Material:  Alloy.— Piece  remaining  after  prerious  toai,  13  htcbt* 

long. — ^Dimensions:  Length  between  supports,  12". 


22 

0.0022 

42 

0.0048 

82 

0.0091 

122 

0. 0132 

162 

0.0164 

202 

0.0202 

242 

0.0220 

282 

0.0264 

4,804,986 
8,971,584 
4,078,589 
4, 853, 740 
4,407,490 
4, 848, 239 
4. 708, 000 


322 
862 


0.0282 
0.0310 


5,082, 666 
4,882,456 


Broke  just  as  strain  was  applied. 

Breaking  load,  862  pounds. 

3    P{ 
Modulus  of  rupture,  B=y  -«>|-  =  6,606. 


TABLE  CLI.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  43.— Material :  Alloy.— Original  mixture:  87.5 Cn,  62.5  Sn.— Dimenaloiia:  Loigtb 

between  supports,  22''.  Breadth,  0.970".  Depth,  0.900". 


10 
20 
40 
60 
80 
100 

120 
140 


0.0038 
0.0050 
0.0106 
0.0169 
0.022R 
0.0308 

Beam  sinks  slowly. 
0.0389 
0.0483 


11, 313, 336 

10, 672, 961 

10, 041, 426 

9, 923, 982 

9, 182, 904 

8,724.980 
8,215^070 


160 
180 
200 
6 
200 


0.0577 
0.0676 
0.0799 


0.0202 
Broke  Just  as  beam  rose. 


7.842,870 
7. 531,069 
7.079,685 


Breaking  loa^  200  pounds. 

8    P( 
Modulus  of  rupture,  B = y  5^~ = 8|9<S. 
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BECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

Hbchanical  Labobatobt,  DBPAsnosiT  OF  BMonmBBiNo,  arKvmts  LwiTiUTa  or  Ticmroix)aT. 

TABLS  CLIL— ALLOY  OF  COPPSR  AND  TIK. 

Original  mark:  lira44.~Materlal:  AUoy.-- Oilglxial  miztnre:  82.6  Cii.fl7.6  8ii.~I>i]ii«naioii8:  Length 

between  aapports,  22^'.    Breadth,  0.965".    Depth,  0.990". 


Load. 


Potmd*. 
10 
20 
40 
60 
80 
100 

120 
140 
160 


Deflection. 


Inehst. 
0.0019 
a  0076 
0. 0176 
0.0247 
0.0319 
0.0406 


Set 


Inehet, 


Hoduliia  of 
elaatioity. 


0.0505 
0.0607 
0.0748 


Beam  sinks  slowly. 


7,427,869 
6, 830, 144 
6.766,822 
6,984,987 
6^860,266 

6,618,447 
6,424,002 
6,997,876 


Load. 


Poundi. 
180 
200 
6 
200 

210 


DeflectioiL 


Inehet. 
0.0907 
a  1096 


Set. 


Inehee, 


Modulns  of 
elasticity. 

w       P^ 


0.0826 
0.1122 

Heard  several  slight  oraoka. 
Bar  broke  Jost  as  oeam  rose. 


S.  527,636 
6,078,241 


Breaking  load,  210  poonda. 


8  PI 


ModoloB  of  mptnre^  ^  *"  '2  b^  "*  ^'  ^^^ 


TABLE  GLIIL— ALLOY  OF  COPPBB  AMD  TIN. 

Original  mark :  Ko.  46.— Material:  Alloy.— Original  mixture:  27.6  Cn,  72.6  Sn.— Dimensions:  Length 

between  supports,  22".    Breadth,  0.978"..    Depth,  0.985". 


Load. 

Defleetian. 

Set 

Modulus  of 

elasticity. 
PP 

4A5d> 

Load. 

Deflection. 

A 

Set. 

Modulus  of 

elasticity. 

PP 

'4AM» 

Poundt. 
10 

Inehet. 
0.0026 
0.0061 
0. 0146 
0.0325 

Bel 
0.0403 
0.0487 
0.0583 
0.0696 

Indiet. 

Povndt. 

4 
100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 

4 

800 

310 

320 

Breaki] 

Modi 

Inehst. 

Inehst. 
0.0400 

20 

9, 838, 147 
7,803,107 
7.  010.  Toa 

0.0763 
0.0817 
0.0887 
0.0970 
0.1053 
0.1162 
0.1297 
0.1480 
0.1647 
a  1846 
0.9087 

40 

80 

im  sinks  slowlv.                        1 

100 

7.067.832 
7,017.989 
6,839.430 
6,547,436 

4,868,606 
4,902,125 
4,831,069 

120 

140 

160 

6 

a  0145 

4,486,144 

160 

A  0790 

Hesintance  to  strain 

AMfr^^atA  in   1   min.  to  154 

4,158,819 

pounds. 
Resistance  to  strain  decreased  in  3  min.  to  150 

0.0878 

0.2073 
0.2204 
Broke  just 
ngload,  320] 

tins  of  ruptv 

pound*- 

4,006,'007 

». 

^-U,128. 

< 

Besistax 
IMund 

Besistai 
pound 

ice  to  Strain 

s. 

100  to  strain 

s. 

decreased  ii 
decreased  ii 

1  44  hours  to  104 
1  69  hours  to  100 

as  beam  row 

x>unds. 

V      2  P 
ire,B--j5^ 

TABLE  CLIV.— ALLOY  OF  COPPBR  AND  TIR. 

Original  mark:  No.  46.— Material :  Alloy.— Original  mixture:  22.6  Cu,  77.6  8n.— Dimensions:  Length 

between  supports,  22".    Breadth,  0.980'^    Depth,  0.992". 


10 
20 
40 
60 
80 
100 

4 
120 
140 
160 
180 
200 

4 


240 


0.0036 
a0066 
0.0141 
0.0107 
0.0272 
O.0S63 

Beam  sinks  slowly, 
a  0047 


8,432,047 
7,893,831 
8,474,849 
8, 182. 100 
7,665,407 


0.0460 
a  0679 
0.0709 
0.0868 
0.1046 


0.1239 
0.1487 


0.0357 


7,258,891 
6, 728, 160 
6,279,437 
5, 770, 317 
6,825,503 


4,401.042 


2Q0 
280 
300 
4 
320 
340 
800 
380 
400 
10 
400 
420 


0.1675 
0.1923 
0.2203 


a  2479 
a28U 
0.3163 
a  3528 
0.3808 


0.1044 


0.2051 
0.4051 
Broke  in  applying  strain. 


4,051.601 


8,691,869 

'8,'iS,'oi6* 

'2.*848,'68i' 


Breaking  load,  400  pounds. 


2  PI 


Modulus  of  rupture,  R  *"  v  5^  "*  18,687. 
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TESTS   OF  METALS. 


SECOBD  OF  TESTS  BY  TRANSVERSE  STRE8S--Oontinaed. 

ISeeond  terim.'] 

IClCBAnCAL  LABOIATOBT,  DBPAmmr  of  BVOmSBDIOt  glllMB  IWRTUn  OF  TaCHKOLOQT. 

TABLX  CLY.— ALLOT  OF  COPPSR  AND  TIN. 

Original  mark :  No.  47.— Material :  Anoy.—Origiiial  mtztare:  17.5  Co,  82.5  So.— Dtmenaiona:  Lensth 

between  aapporta,  22".    Breadth,  O.MO''.    Depth,  0.963". 


Load. 


10 
20 
40 
00 
80 


Defleetlan. 


Set 


JiMftM. 


Indiet. 
0.0027 
0.0070 
0.0158 
0.0258 
0.0865 

Beam  ainka  alowly. 
0.0488 

8.0088 


Mbdolnaof 

elaatioity. 
Pi«_ 


0.0817 
0.0804 
a  1042 
0.1343 
0.1066 


0.1796 
0.2145 
0.2508 
0.30!!1 
0.3367 
0.3762 
0.4147 
0.4587 


8.0821 


^038,880 
7,856,258 
6,984,770 
6b  187, 163 

5,638,814 


6, 472, 481 
4,890,597 
4, 320, 565 
8,771.245 
8,377,873 


2,697,980 


100 
5 
120 
140 
160 
180 
200 
5 
200 
220 
240 
200 
270 
280 
290 
800 

5  0.3084 

The  beam  waa  obeorved  to  riae,  and  another 
reading  of  aet  waa  takm  in  2  minntea. 

6 I  0.3022 

The  beam  roae  again,  pnahed  forward  the  poiae 
till  beam  balanoed  at  10  poonda. 
Time,  2  minntea. 


832,406 


Load. 


Deflection. 


Set 


Modnlnaof 

elaaticity. 

Pl» 


&  2  minntea  more  beam  balanced  at  14  pomda. 
The  preaaore-acrew  waa  then  run  baok  till  beam 
balanced  again  at  5  poonda,  and  another  rending 
of  aet  taken. 
Pound*.,     Jnchu,     i     Inchu.     I 

5    i I       0.2866    I 

Beam  roae  again. 

In  2  minntea  balanced  at  10  poonda. 

In  10  minntea  balanced  at  16  poonda. 

In  39  minutea  balanced  at  23  ponnda. 

Ran  back  preaaore-aoxew  tOi  beam  balanoed 
again  at  5  ponnda. 

5    1 1       0.2902    I 

In  4  minntea  beam  roae  again. 

In  23  minntea  beam  balanced  at  14  ponnda. 

In  1  hoar  and  36  minntea  beam  baianned  at  20 
poonda. 

Kan  back  preaaore-aorew  till  beam   balanced 
again  at  5  pounda. 

5    I I       0.2845    I 

Total  daereoM  </  aeC  in  2  honra  and  20  minntea, 
0.30^4-0.2845=^0.0239  inches. 

Replaced  load  of  280  ponnda. 

280    I        0.4849    I I 

800    I        0.5332    ' I 

310    I  Broke  on  applying  atraln. 

Breaking  load,  300  pounda. 

3  PI 

Hodnlna  of  mptora,  B  ^  o*  v^  "-■  10,288. 


TABLE  CLYL— ALLOT  OF  COPPER  AND  TIN. 

Original  mark :  No.  48. — ^Material :  Alloy. — Original  mixtore :  12.5  Co,  87.5  Sn.— Dimensions :  Length 

between  anpporta,  22".    Breadth,  0.985".    Depth,  0.990.". 


10 
20 
40 
60 
80 

100 
5 
120 
140 
160 
180 
200 
5 
200 
220 
240 
260 
270 
280 
290 
800 
6 


0.0025 
0.0050 
0. 0141 
a  0230 
0.0352 

Beam  ainka  slowly. 
0.0508 

0.0120 


0.0769 
0.0960 
0. 1262 
0.1502 
0.2044 


0,22108 
0.2916 
0.4078 
0.  5210 
0.5763 
0.6458 
0.7185 
a  8025 


0.1238 


0.6743 


7,901,458 
7, 249, 195 
6,330,144 

5,482,803 


4, 897, 784 
4, 024, 116 
8,531,237 


2, 725, 307 


1,639,194 


1,207.609 
'i,'04i,'220' 


Scale  beam  roae. 

In  2  minotea  balanced  at  20  ponnda. 

In  4  minotea  balanced  at  29  pounds. 

In  15  minotea  balanced  at  34  ponnda. 

Ran  back  preasoro-acrew  tul  beam 
again  at  5  poonda. 

5    I I       0.6566    I 

Beam  roae  again,  balanced  at  12  ponnda 
minotea. 

5    I I       0.0606    I 

Total  decreaae  of  aet  in  20  minntea,  0.67^— 
0.6508=0.0234  inches. 

Beam  rose  airain,  hot  teat  waa  contlnoed  with- 
oat  forther  waiting. 

260  0.8304 


In  5 


280  0. 9018 

800  1.0760 

800      Repeated. 


Breaking  load,  800  poonda. 


Beam  sank  rapidly. 

Bar  broke  Joat  aa  beam  xoae. 


8  PI 


Kodnlna  of  mptore,  R  *"  7  CB  "*  18|25i. 


TESTS  OF  ^Mi^StiliS. 
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BEOOBD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

iSecond  Mriea,"] 
ISacBAjncAL  Labobatobt,  Dbpartmxxt  or  EironvBEBixa,  Stbvbns  iKermm  op  Tbchvoloot. 

TABLE  CLVIL— ALLOY  OP  COPPER  AND  TUT. 


Oiiginfll  mark:  No. 

48.~Material:  Alloy .—OriglDal  mixture:  7.5  Co,  02.6  Sn.— Dimensions:  Lengtk 
between  support*,  22".    &eadth,  0.800".    Depth,  0.905". 

Load. 

DeflectioB. 

Set. 

Hodnlos  of 

elaatloity. 

PP 

4A6c|i 

Load. 

Defleetioii. 

A 

Set 

Modalos  of 

elastioity. 

PP 

4Abdi 

Pwindt. 
10 

InchsB, 
0.0000 
0.0037 
0.0137 
0.0238 
a0367 

Bea 
0.0537 

**"0."076i"" 
0.1153 
0.1687 
a  2882 
a8682 

Inckm, 

Pounds. 
8 
220 
240 
250 
200 
270 
280 
280 

Inehet, 

Inchei. 
a287a 

20 

0.6282 

0.8017 

0.10078 

1.3800 

L7800 

2.6700 

3.8700 

40 

7,000,710 
7,020.088 
6,803,800 

0.083,124 

817,152 

00 

80 

m  sinks. 
0.oi28 

100 

280,258 
215,083 

3 

120 

4,361,601 

«nt  witihont  breAklnir. 

140 

Breaking  loiid  (or  load  oaasla 
inohes),  280  pounds. 

Modnluaof  raptor^  B^^  ^l 

ig  deflection  of  8| 

160 

2,751,880 

180 

r 

200 

1,624.081 

^=9,701. 

•    w 

r 

TABLE  CLVnL— ALLOY  OF  COPPBB  AND  TIN. 

Original  mark:  No.  50.— Material:  Alloy.— Original  mixture:  2.6  Cu.  87.6  Sn.— Dimensions:  Length 

between  supports,  22".    Breadth,  0.091".    Depth,  0.807". 


10 
20 
40 
00 

80 
100 

4 
120 
140 
100 
180 
200 

4 
200 


0.0082 
0.0081 
0.0221 
0.0831 


0.0472 
0.0628 


Beam  sinks  slowty. 


0.0008 
0. 1418 
0.2217 
0.8777 
0.6787 

m         m  >  «  « 

0.0813 


0.0104 


a5042 


8»  470, 802 
0,082,585 
4,905,878 
4,918,288 

4,504,008 
4,800,216 


8. 578. 218 
2,076,000 
1.856,154 


886,188 


^10 


Bepealed— 
SIO  L 


0.8512 


21 

210 

220 

230 

240 

250 


0822 
L0800 
1.8800 
1.6800 
2.4300 
8.9300 


482,108 


172,423 


Bar  bent  without  breaking. 
Breakinir  load  (or  load  caoslng  8|  inohea  de- 
flection), 250  pounds. 

Modulus  of  ruptnre,  B=^  ^^=8,876. 

2  MP 


RECORD  OF  TESTS  BY  TENSILE  STRESS. 

^Second  seriea.'] 
MBCBAincjLL  Labobatobt,  DsPABmsirr  of  Exoikexbdco,  Stbvehs  InBTiruTK  or  Tbchhologt. 

TABLE  CLIX.— ALLOY  OF  COPPXB  AND  TIN. 


Original  mark:  No.  81  A ^Material:  AJloy.-Original  mixture:  87.5  Cu,2.6  Sn.— Dimensions:  Length, 

6".    Diameter,  0.788".                                                            * 

Load    per 
square 
inch. 

Elongation 
in  5  inches. 

Set 

Elongation     in 
parts  of  origi- 
nal length. 

Broke  Just  as  reading  was  taken  i  inch  from  0 
end. 
Diameter  of  fractured  section,  0.770  inch. 
Fracture  fUl  of  small  blowholes. 

P<mnd§, 

800 

2,000 

8,000 

4,000 

200 

0. 0010 
a0042 
0.0078 
a  0128 

InehsM. 
'0.'0080' 
'0.'0280' 

•  ■  «     •  «  •  • 

0.000 

.0002 
.0008 
.0010 
.0029 

Tenacity  per  square  inch,  original  section,  18,000 
pounds. 

Tenacity  per  aqnare  inoh,  frnotuivd  section. 
18,868  pound*. 

6,000 
6,000 
7,000 
8,000 
200 

0.0172 
0.0280 
0.0806 
0.0878 

.0084 
.0040 
.0061 
.0076 

8,000 

10,000 

11,000 

12,000 

200 

0.0466 
0.0530 
a  0617 
0.0609 

.0001 
.0106 
.0120 
.0188 

• 

18,000 

0.0640 

.0170 

422 


TESTS   OF  METALS. 


BECORD  OF  TESTS  BY  TENSILE  STRESS-Continned. 

I  Second  eeries.'} 

Mbchahical  L^bokatort,  Dbpabtmext  of  Exginserixo,  Stbven'8  Ikbtitutx  of  Tbckkoloot. 

TABLE  CLX.— ALLOY  OF  COPPER  AND  TUT. 

Original  mark:  No.  81 B. — ^MAterial:  Alloy. — Origina]  mixture:  07.5  Co, 2.5  Sxu— DimenaioDa:  Leasth, 

5".    Diameter,  O.TOS''. 


Load     per 

Elongation 
in  5  inches. 

Elongation     in 

Broke  2  inches  from  D  end  after  taking  reading. 
Diameter  of  fractured  section,  0.770  Inch;  Imi 

square 

Set 

parta  of  origi- 

inch. 

nal  length. 

of  blowholes. 

Tenacity  per  square  inch,  original  section,  15^250 

pounds. 

Poundt. 

Inches. 

IwAet. 

Tenacity  per  square  inch,  fraotuzed  aectloa, 

SCO 

0.0010 

.0002 

16,874  pounds. 

2,000 

a0025 

.0005 

The  bar  was  defective  in  oonseqnenoe  of  Bepa> 

4.000 

a0056 

.0011 

200 

0.0006 

whole  length. 

5,000 

0.0077 

.0015 

e,ooo 

0. 0103 

.0021 

7,000 

0. 0181 

.0026 

8,000 

0.0168 

.0034 

200 

o.oosi 

10,000 

0.0247 

.0049 

12.000 

0.0848 

.0070 

200 

6.0278 

14,000 

0.0531 

.0106 

15,000 

0.0666 

.0138 

15,250 

0.0778 

.0155 

TABLE  CLXI.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  82  A.— Material :  Alloy.— Original  mixture:  02.5  Co,  7.5  So.— Dim< 

5".    Diameter,  0.708''. 


lenaiona:  I<eoglli, 


Load  per 
square 
inch. 


Poundt. 

800 

2,000 

8,000 

4,000 

200 

6,000 

8,000 

200 

10,000 

12,000 

200 

HOOO 

16,000 

200 

18,000 

Ihlmin. 

10,000 

20,000 


Elongation 
in  5  inches. 


If%die$. 
0.0010 
0.0027 
0.00S0 
0.0051 


0.0073 

a  0091 


0.0104 
0.0120 


0.0146 
0.0222 


0.0606 
0.0546 
a0664 
0.0056 


Set. 


Inches. 


0.0011 


a0O44 


0.0079 

a'oisi' 


Elongation  in 
parts  of  origi- 
nal lengtli. 


.0002 
.0005 
.0008 
.0010 


.0015 
.0018 


.0021 
.0024 


.0029 
.0044 


.  0101 
.0109 
.0138 
.0191 


Load 


per 
square 
inch. 


Pounds. 

200 

22,000 

23,000 

Inlmin. 

24,000 

In  20  sea 

200 

26,000 

28,000 

28,500 


Elongation 
inSincheSk 

Set. 

Inches. 

Inches. 
0.0006 

0.1509 

0.1708 

0.1916 

a  2166 

0.2218 

0.2110 

0.8038 

0.8806 

Elongadon  ia 
parts  of  origi- 
nal length. 


O3S0 


.0431 
.0444 


.O0OT 
.0779 


Broke  1  inch  frtnn  C  end. 

Fnictured  section  elliptioal,  diameterst  0.690  x 
0.732  inch. 

Tenacity  per  square  inch,  original  section,  28,506 
pounds. 

Tenacity  per  square  inch,  fractured  aectko, 
85^922  pounds. 

Several  very  small  blowholes  in  fractared  snz^ 
fiioe. 


TABLE  CLXn.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.82B.-- Katerial:  Alloy.— Original  mixture:  92.5  Cu,  7.5  Sn.—Dimensiona:  Length, 

5^.    Diameter,  0.798". 


800 

2,000 

8,000 

4,000 

6,000 

8,000 

200 

10,000 

12,000 

200 

14,000 

16,000 

200 

18,000 

90,000 


0.0004 
0.0088 
0.0062 
0.0085 
0.0138 
0.0208 


0.0272 
0.0368 


0.0459 
0.0554 


0.0707 
0.1044 


0.0039 


0.0199 
'0.'6440' 


.0001 
.0008 
.0012 
.0017 
.0028 
.0041 


.t064 
.0078 


.0092 
.0111 


.0141 
.0208 


200 
22,000 
24,000 
25,000 
Inlmin. 
26,000 
27,000 
27,300 


0. 1516 
0. 2135 
0.2890 
0.2594 
0.2980 
0.8888 
0.8582 


0.0044 


.0813 
.0417 
.0480 
.0519 
.0506 


•  0706 


Broke  f  inch  from  D  end. 

Fractured  section  elllptleal,  diameten,  0L73S  x 
0.720  inch. 

Tenacity  per  square  inch,  original  aectloo,  27,960 
pounda. 

Tenacity  per  aqnavo  inch,  fraetoved  section, 
82,644  pounds. 


TESTS  OF  METALS. 
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BECOBD  OF  TESTS  BT  TENSILE  STBESS-Continned. 

ISeoond  Mrie$,'] 
IficHAXiCAL  Labobatobt,  DspABnonT  OF  Shoiksbbikq,  ^rxTras  Immnm  or  Iscbmologt. 

TABLE  CLXIII.-.ALLOY  OF  COPPBB  AND  TIN. 

Original  mark :  No.  83  A.— ICnterial:  Alloy.-Original  mixtnre :  87.5  Co,  12.5  Sn.— Dimensions :  Length, 

V'.    Dluneter,  0.708''. 


^^^^  ^^    Elongstion 
£J-*'e  in  5  She.. 


Founds. 

1,200 

2,000 

8,000 

4,000 

200 

6,000 

8,000 

200 

10,000 

12,000 

200 

14,000 

16.000 

200 

18,000 


Inehtt. 
0.0022 
0.0044 
0.0072 
0.0003 


0.0128 
0.0185 


(1)0.0184 
0.0218 


0.0246 
0.0292 


a  0642 


Set. 


InehM. 


0.0005 


0.0008 


a0037 

'6."oii4' 


Blongation  in 
narts  of  orig- 
inal length. 


.0004 
.0009 
.0014 
.0019 


.0026 
.0087 


.0037 
.0044 


.0040 
.0058 


.0068 


Load  per 
sqnare 
inch. 


Elonntion 
in  5  mohee. 

Set 

InchsB. 
a0406 

Inches. 

0.0261 

0.0485 

0.0605 

0.0467 

0.0804 

a  0027 

0.1120 

0.0055 

Elonjtation  in 
parts  of  orig* 
uud  length. 


.0081 


.0007 
.0121 


Pounds. 
20,000 
200 
22,000 
24,000 
200 
26,000 
27,000 
28,000 
200 
29, 000      Broke  in  middle  Inst  as  beam  rose. 
Diametor  of  ftuetnred  section,  0.776  inch. 
Tenacity  per  sqnaire  inch,  oriiginal  section,  20,000 
pounds. 

Temwdty  persqnaxeineh,  fraetoxed  8eotion,80,658 
pounds. 


.0161 
.0185 
.0226 


TABLE  CLXIV.— ALLOY  07  COPPEB  AND  TIN. 

Original  mark:  Na 83  B.— Material ;  Alloy.— Original  mixtnre:  87 Ji  Cn,  12.5  Sn.-*Dimen8ions:  Length, 

•'  6".    Diameter,  0.708^'. 


1,200 
8,000 
8.000 
4,000 
6^000 
8,000 
200 

0.0025 
0.0052 
0.0007 
0.0130 
0.0206 
0.0275 

.0005 

.0010 
.0019 
.0028 
.0041 
.0055 

24,000 

200 

26,000 

28,000 

200 

80,000 

82,000 

200 

83.000 

83,200 

0.0005 

"of  0666" 

.0101 

0.1040 
0.1271 

.0208 

.0254 

0.1068 

^.'oodsYt) 

0.1561 
0.2007 

.0312 

.0401 

10,000 

12.000 

200 

0.0330 
0.0806 

.0066 
.0070 

0.18U 

9.2270 
0.2482 

•  0454 

0.0040 

.0485 

14^000 

16,000 

200 

a  0473 
0.0641 

.0004 
.0108 

Broke  in  middle. 

ao200 

Diameter  of  Anctnred  section.  0.770  inch. 

18,000 

20,000 

200 

0.0623 
0.0700 

.0125 
.0142 

Tenacity  per  sqnare  indb,  original  section,  83,200 
pounds. 

Tenacity  per  sqnare  inch,  fractored  section,  85,648 
pounds. 

a  0421 

22,000 

0.0708 

.0160 

TABLE  CLXV.— ALLOY  OF  COPPBE  AND  TIN. 

Original  mark :  Na  84  A.— Material:  Alloy.— Original  mixtnre:  82.5 On,  17.5  So.— Dimensions:  Length, 

6".    Diameter,  0.798''. 


8,000 
4,000 
6,000 
8,000 
200 

0.0032 
0.0074 
0.0104 
0.0125 

.0006 
.0015 
.0021 
.0025 

26.000 
28,000 

200 
30,000 
82,000 

200 
84,000 
87,300 
40.200 

0.0224 
a0244 

.0046 

"iooii" 

.0040 

0.0264 
a0288 

.0058 

--4).0004(f) 

.0058 

10,000 

12,000 

200 

0.0187 
0.0150 

.0027 
.0030 

0.0091 

0. 0316 
0.0357 

.0068 

0.0001 

.0071 

14,000 
16,000 
18.000 

0.0161 
0. 0170 
0. 0176 
0.0194 
0.0200 
0.0216 

.0032 
.0034 
.0035 
.0039 
.0040 
.0043 

'RrakA  S  inr.Yi  fmtn  A  ptid. 

Diameter  of  firactured  section.  0.795  inch. 

Tenacity  per  sqnare  inch  of  original  section, 
40j200  ponnds. 

Tenacity  per  sqnare  inch  of  fractured  section, 
40,492  pounds. 

20.000 

22.000 

24,000 

200 

"aoooi" 
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SECOBD  OF  TESTS  BT  TENSILE  STB£S8-€<miuaii6d« 

ISmsond  Berie9.J 
ICicHAXiCAL  IiABOBATOBT,  Dbpasiumt  OP  BxonnBBiKO,  SisYSHB  Jswrmm  Of  Tbcbsoloot. 

TABUS  CLXVX-ALLOY  OF  COPPER  AKD  TUT. 

Oririnal  mark :  "No.  M  B.— l£al«rlal:  Alloy .—Oiij^nal  mixture:  82.5  Co,  17.6  Sn.~Dimeiitlinis:  Leostli, 

^'.    Diameter,  0.798". 


Load  per 
equare 
inch. 


Povmdt. 

2,000 

8,000 

4,000 

6,000 

8.000 

10.000 

12,000 

14.000 

16,000 

18,000 

20,000 

200 


Eloncatioii 
in  6  mchea. 


Jnehet. 
0.0010 
0.0034 
0.0054 
0.0060 
0. 0110 
0. 0119 
0. 0136 
0.0148 
0. 0170 
0. 0179 
0.0200 


Set 


).0022(f) 


Blongatlon  in 
parto  of  oiig. 
Inal  length. 


.0004 
.0007 
.0011 
.0016 
.0022 
.0024 
.0027 
.0080 
.0034 
.0026 
.0040 


Load  per 
aquare 
inch. 


Elongation 
in  6  inchea. 

Set. 

Jnehe$. 
a  0216 

InehM, 

a  0244 

+0.0021 

0.0269 

0.0296 

0. 0324 

0.0355 

0.0139 

BlonfEatiim  in 
parta  of  orig- 
inal length. 


.0048 
.0049 


Pvtmda. 

22,000 
24.000 
200 
26,000 
28.000 
80,000 
82,000 
200 
82, 200      Broke  at  shoulder,  B  enC 
Diameter  of  firactured  section,  0.798  inch. 
Tenacity  per  square  inch  of  original  section, 
82,200  poonoa. 


.0054 
.0059 

.oote 

.0071 


TABLE  CLXVU.— ALLOY  OF  COPPEB  AND  TIN. 

-Original  mlxtnre: 
Diameter,  0.798". 


Original  mark:  Now  85  A.-— Material:  Alloy.~Origlna]  mixtare:  77.5  Co,  28.5  SiL^Dimeiisiona:  Length, 


2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

14,000 

16,000 

18,000 


0.0016 
0.0060 
0.0094 
a  0124 
0.0128 
0.0143 
0.0161 
0. 0175 
0.0180 


.0008 
.0012 
.0019 
.0025 
.0026 
.0029 
.0032 
.0035 
.0036 


80,000  0.0108     0080 

21,000  0.0107     0039 

22,000  0.0208     0041 

23,000  0.0207     0048 

23, 600      Broke  1  inch  ftom  A  end. 

Diamocer  of  ft«ctnred  section,  0.798  inob. 

Tenacity  per  aquare  inch,  original  section,  28,600 
pounds. 


TABLE  CLXyin.~ALLOT  OF  COPPEB  AND  TIN. 

•Original  mixtare : 
Diameter,  0.796". 


Original  mark :  No.  85  B.— Material :  Alloy.— Original  mixture :  77.5  Co,  22.5  Sn.— Dimensiona :  Length,  • 


1,200 

0.0014 

2,000 

0.0040 

8.000 

0.0068 

4.000 

0.0100 

6,000 

0. 0142 

8,000 

0.0178 

10,000 

0.0199 

12,000 

0.0224 

14,000 

0.0246 

.0003 
.0008 
.0014 
.0020 
.0028 
.0036 
.0039 
.0045 
.0049 


16,000 
18,000 
20,000 
22,000 
24,000 
25,000 
25,700 


0.0264 
0.0281 
0.0299 
0.0310 
0.0324 
0.0829 
Broke  in  middle. 


.0053 
.0056 
.0060 
.0068 
.0065 
.0060 


Diameter  of  ibraotured  section,  0.798  inch. 
Tenacity  per  square  inch,  25,700  pounds. 
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BECOSDS  OF  TESTS  BT  TENSILE  STRESS-Contiimed. 

ISeeond  mtIm,'] 
Hkcooical  Labobatobt,  Depabtmert  of  ENoxNEEBUfo,  Stbvevb  LfBTrnm  or  Tbchxoloot. 

TABLE  CLXCC—ALLOT  OP  COPPER  AND  TIN. 

Original  mark:  No.  86A.~Material:  Alloy.— Original  mixture:  72.5  Co,  27.5  Sn.—Beotangnlar  Motion 

0.908"  X  1.002".    Too  brittle  to  be  tamed 


At  8,860  pomida,  the  pieoe  broke  in  the  npper 
law  of  the  tensile  machine,  1|  inches  from  A  end. 
Set  again  in  machine.  At  6.600  pounds  broke  in 
lower  jaw.  1  inch  firom  C  end.  Piece  too  short  to 
be  tested  mrther. 


Tenacity  i>er  sqnare  inoh,  6,500  pounds. 
Slongauon  not  measured. 


TABLE  CLXX.^ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  36 B.— Material:  Alloy.— Original  mixture:  72J5  Cu,  27.5  Sn.— Rectangular  section, 

1.01(^x1.000". 


At  6,550  pounds,  broke  in  lower  Jaw,  1^  inches 
llrom  B  end. 

6.050  pounds,  broke  8  inches  from  bottom  and  1 
inch  above  edge  of  lower  Jaw. 

6.800  pounds,  broke  at  edge  of  lower  jaw,  2| 
inches  from  B  end. 


Breaking  load,  6,660  pounds. 

Tenacity  per  sqnare  Inch,  6,485  pounds. 

NOTK.— It  appears  that  the  brittle  pieces  break 
in  the  jaws  of  the  machine  nartly  by  crushing  and 
partly  Dy  tensile  strain.  Tne  figures  obtained  for 
tenacity  are,  therefore,  probably  too  low. 


TABLE  CLXXL— ALLOT  OF  COPPER  AND  TIN. 

Original  maik:  No.87A.— IdCaterial:  Alloy.— Original  mixture:  67.6  Cn,  82.6  Sn.— Rectangular  section, 

0.875"  X  0.900". 


At  1,606  nounds,  broke  in  lower  Jaw,  1|  inches 
fhmi  Aenol 

^At  940  pounds,  broke  in  upper  jaw,  U  inches 
fbom  C  end. 


At  1,240  i>onnda,  broke  in  npper  jaw. 
Breaking  load,  1,606  pounds. 
Tenacity  per  square  inch,  1,664  pounds. 


TABLE  CLXXII— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  87  B.— Material:  Alloy.— Original  mixture;  67.5  Cu,  82.5  Sn.— Rectangular  section, 

0.982^' X  0.985". 


At  2,014  pounds,  broke  in  lower  jaw  by  crushing. 

At  1,636  pounds,  broke  in  npper  jaw,  2  inches 
ftom  end. 

At  1,334  pounds,  broke  in  npi»er  jaw;  crushed 
off  h  inch. 

At  8,304  pounds,  broke  in  lower  jaw,  1  inch  ttom 
end. 

At  2,408  iMunds,  broke  in  npper  Jaw,  i  inoh  from 
end. 


At  8,150  pounds,  broke  in  npper  jaw,  1|  inches 
from  end. 

At  8,330  pounds,  broke  in  lower  Jaw,  |  inoh  fhmi 
end. 

Too  short  to  test  further. 

Breaking  load  (maximum),  3,330  pounds. 

Tenacity  per  square  inch,  8,406  pounds. 


TABLE  CLXillL— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  88  A.— Material:  AUoy.— Original  mixture:  62.5  Cn,  37.5  Sn.— Rectangnlnr  section, 

0.980"  XO.D02". 


Tested  4  times;  broke  each  time  in  upper  Jaw, 
at  1,282,  2,270, 1,980,  and  1,520  pounds. 


Breaking  load  (maximum),  2,270  pounds. 
Tenacity  per  square  inoh,  2,835  pounds. 


TABLE  CLXXiy.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No.  88 B.— Material:  Alloy.— Original  mixture:  62.5  Cn,  87.5  Sn.— Rectangular  section, 

0.983"  X  0.990". 


Broke  in  Jaws  at  766  pounds. 


Tenacity  per  square  inch,  787  pounds. 
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TESTS   OF  METALS. 


BECOEDS  OF  TESTS  BY  TENSILE  STEESS-Coniinned. 

ISeoand  ierie9»'\ 

HBCHAXICAL  LABOBATORT,  DSFABTMEKT  op  ExpurKBBIXO,  STBVXKB  IKSTITCTS  of  TlCBaiOUMST. 

TABLE  CLXXT— AUX)Y  OF  COPPEB  AJSTD  TIN. 

Original  mark :  No.  39  A.— ICaterial :  Alloy.— OriKioal  mixture:  57.6  Cn,  42.5  Sn.— BecUngalftr  aeetkm 

0.962"  zO.  WO". 


Tested  i  times ;  broke  in  Jawa  each  time,  at  800, 
266,  1,168.  and  944  pounds. 


Breaking  load  (raaximnm),  1,166  pooncLa. 
Tenacity  per  aquare  inch,  1,200  pounds. 


TABLE  CLXXVL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  30B.— ICaterial:  Alloy Oriscinal  mixture:  57.5  Cu,  42.5  Sn.— Beetangular  section, 

0.9t»"x  0.997". 


Broke  In  Jaws,  at  966  and  1,530  pounds. 
Breaking  load  (maximum),  ],5:)0  pounds^ 
Tenacity  per  aquare  inch,  l,6o3  ponnda. 


[No.  40  was  broken  by  the  transrerse  toat  into 
I  pieces  too  short  for  tests  by  tension.] 


TABLE  CLXXVIL— ALLOr'OF  COPPER  AND  TIN. 

Original  mark:  No.  41  (A— C).— Material:  Alloy.— Original  mixture:  47.5  Cu,  62.5  Sn.— Beotaasnlnr 

section,  0.968^'  x  0.885". 


Tested  4  times;  broke  in  Jaws  each  time,  at 
1,830,  1,730,  690,  and  1,360  pounds. 

Tested  a  fifth  time,  when  the  pieoe  broke  in  the 
middle,  at  1,720  pounds. 


Breaking  load  (maximum),  1,830  pounda. 
Tenacity  per  square  inch,  1,919  pounds. 


TABLE  CLXXVni.— ALLOT  OF  COPPEB  AND  TIN. 

Original  mark:  No.  41  (E—D).— Material:  Alloy.— Original  mixture:  47.5  Cu,  52.5  Sn.— Bectangnlar 

section,  0.962"  x  0.985". 


At  1,840  pounds,  broke  2  inches  from  E  end. 
At  1, 160  poundA,  broke  in  jaws  i  inch  from  £  end. 
At  1,820  pounds,  broke  2  inches  £com  D  end. 


Breaking  load  (maximum),  1,340  pounds. 
Tenacity  per  square  inch,  1,414  pounds. 


TABLE  CLXXXX— ALLOT  OF  COPPEB  AND  TIN. 

Original  mark:  No.  41  (B—E).— Material :  Alloy.— Original  mixture:  47.5  Cu,  52.5  8n.— Beotangnlar 

section,  0.960"  x  0.990". 


At  2,120  pounds,  broke  1  inoh  fh>m  E  end. 
At  2,750  pounds,  broke  2  inches  from  E  end. 


Breaking  load,  2,750  pounds. 
Tenacity  per  square  moh,  2,894  pounds. 


TABLE  CLXXX.— ALLOY  OF  COPPEB  AND  TIN. 

OriginAl  mark:  No.  42  (C—E).— Material:  Alloy.— Original  mixture:  42.5  Cu,  57.5  Sn.— Beotangnlar 

section,  0.092"  X  1.004". 


Tested  4  times ;  broke  in  Jaws  each  time,  at  760, 
2,204, 1,470,  and  1,034  pounds. 


Breaking  load  (maximum),  2,264  pounda. 
Tenacity  per  square  inch,  2,273  pounda. 


TABLE  CLXXXL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  42  (F—B).— Material:  Alloy.— Original  mixture:  42.5  Cu,  57.5  Bn.— Bectangnlor 

section,  0.956"  x  0.987". 


Broke  at  1,890  pounds,  8  inches  from  B  end. 


Tenacity  per  square  inch,  1,924  pounda. 
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BECOED  OF  TESTS  BT  TENSILE  STRESS--€ontmaed. 

ISeocmd  Mfies,'] 

KBOHAHICIL  lAtollATOBT,  DEPABTKBHT  OF  £50IKBBBDrO,  STBVKXS  IMSTITIITB  OF  TkCHSOLOOT. 

TABLE  CLXXXnL—ALLOY  OF  COPPBB  AND  TDT. 

Orisfaialiiuffk:  liro.48  A.«^Matezial:  Alloy. — Orifi^nal  mixtore:  87.5  CU|  62.5  Sn.— DimenalonB:  Length, 

5"^    Diameter.  0.798." 


Broke  Jn  middle  at  1,400  pounds. 
Xlongation  leaa  than  0.01  inch. 


Tenadt}'  pes  aqnare  inch,  2,800  ponnda. 


TABLE  CLXXXnL^ALLOY  OF  COPPEB  AND  TIX. 

Oziidnal  mark:  No.  48  B.— Material:  Allov.— Original  mixture:  87.5  Co,  82.5  Sn.— Btmenalons:  Length, 

5^'.    Diameter,  0.798". 


Broke  1  Ineh  from  B  end,  at  1,000  pounds. 
Elongation  less  than  0.01  inch. 


Tenacity  per  sqnare  inch,  2,000  pounds. 


TABLE  CLXXXIV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  No.  44  A.— Material:  Alloy.— Original  mixture:  82.5  Co,  67.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Broke  in  middle,  at  706  pounds. 
Elongation  less  than  0.01  inch. 


Tenacity  per  square  inch,  1,592  pounds. 


TABLE  CLXXXV.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark :  No.  44  B.— Material:  Alloy.— Original  mixture :  82.5  Cu,  67.5  Sn.— Dimensions:  Length, 

5".    Diameter,  0.798". 


Broke  at  shoulder,  D  endj  at  1,526  pounds. 
No  elongation  detected. 


Tenacity,  8,062  pounds  per  square  inch. 


TABLE  CLXXXVI.— ALLOY  OF  COPPEB  AND  TIN. 

-Original  mixture; 
Diameter,  0.798". 


Original  mark:  No.  45  A.— Material:  AUoy.— Original  mixture:  27.5  Cn,  72.5  Sn.— DlmftnaioiiB :  Length, 


Broke  at  1,680  pounds,  1|  inches  from  C  end. 


Tenacity,  3,360  pounds  per  square  inch. 


TABLE  CLXXXVn.— ALLOY  OF  COPPEB  AND  TIN. 

-Original  mixture: 
Diameter,  0.798". 


Original  mark :  No.  45  B.— Material:  All^.— Original  mixture:  27.5  Cu,  72.5  Sn.— Dimensions:  Length, 


Broke  at  2,700  pounds,  1|  inches  from  D  end. 


Tenacity,  5,400  pounds  per  sqtiare  Inch. 


TABLE  CLXXiVin.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  46  A.— Material:  Alloy.— Original  mixture:  22.5 Cn,  77.5  Sn.— Dimensions z  Length, 

V»,    Diameter,  0.798". 


Broke  at  2,100  pounds,  1  inch  from  0  end. 
Elongation  not  measuxed. 


Tenacity,  4,200  pounds  per  square  inch. 
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TESTS  OF  METALS. 


BECORD  OF  TESTS  BT  TENSILE  STRESS-Contimied. 

ISeeamd  •eri€$,'] 

HiCHAincAL  Labobatobt,  Dbpabtmsxt  or  XxoimsBno,  HnmiMB  lanrrrun  or  TwHXOUxnr. 

TABLE  CLXXXIX.-ALLOT  OF  COPPK&  AND  TIK. 

OrUriiud  mark:  liTo.  46  B.->lCAteriAl:  Alloy.— Oriffinal  mixture:  22.5  Co, 77.5 fln.— DhnwirinnB:  TjWifth, 

5".    Diameter,  0.7W".  • 


Load  per 
square 
inch. 


Foundt. 

800 
1.600 
2,000 
2,400 
2,800 
8,200 
8,600 
4,000 

200 


SloDfration 

Set 

inSiaches. 

• 

Inehei. 

Inckei. 

0.0615 

0.0058 

0.0070 

0.0090 

0.0109 

0.0124 

0.0140 

a  0157 

•^ «••••■•■•• 

0.0006 

BloBicatloii  In 
pArU  of  origi- 
nal length. 


0008 
0012 
0014 
0018 
0023 
0025 
0027 
0031 


Load  p«r 

j     sqaare 
inch. 


PoundM. 

4.000 
6,000 
6,800 


Elonfsatlon 
in  5  inches. 


Inehet. 
0.0164 
a  0182 
0.0213 


Set 


Tnehet. 


Ekngadon  in 
paru  of  origi- 
nal length. 


.0033 


0043 


Broke  J  net  as  beam  rose  11  tnbhes  from  B  ead. 

Diameter  of  fractured  socUon,  0. 796  inch. 

Tenacity  per  aqaace  Inch  of  original  seotimi, 
5,800  pounds. 

Tenacity  per  square  inch  of  fraotored  section, 
5,827  pounds. 


TABLE  CXC— ALLOY  OF  COPPEB  AND  TDST. 
Ko.  47  A.->Broke  in  handling. 

ALLOY  OF  COPPBB  AND  TIN. 

Original  mark :  No.  47  K— l£aterial:  Alloy.— Ori^nal  mixture :  17.5  On,  82.5  Sn.— DimeoBioiB:  T.ima»i>, 

y'.    Diameter,  0.796".  — «•— t 


Broke  at  1,408  pounds,  Ih  inches  from  D  end. 

Elongation  not  measured. 

Tenacity,  2,816  pounds  per  square  inch. 


Diameter  of  fractured  section,  0.797  inch. 
Tenacity  per  square  inch  of  fractnrM  sectlcii, 
2,822  pounds. 


TABLE  CXCL— ALLOY  OF  COPPER  AND  TIN. 

OriglBol  mark:  No.  48  A.— Material:  AUoy.— Orffdnal  mixture:  12.5  Cu,  87.5  Sn.— Dimensions:  Lencth. 

5".    Diameter,  0.798". 


Broke  in  middle,  at  1,708  jMonds. 

Elongation  not  measured. 

Diameter  of  fractured  section,  0.795  inch. 


Tenacity  par  square  inch  of  original  sectioii, 
8,416  pounds. 

Tenacity  per  square  inch  of  firaotoied  section, 
3,440  pounds. 


TABLE  CXCIL— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  Na  48  B.— Material:  Alloy.— Original  mixture:  12.5  Cn,  87.5  8n.~Dimen8ions:  Lensth. 

^',    Diameter,  0.798^'.  * 


Load  per 
square 
inch. 


Poundt. 

800 
1,600 
2,000 
2,400 

200 
2,800 
8,200 
4,000 

200 
4,180 


Elongation 
in  5  inches. 

flet. 

Inchst. 
0.0022 
0.0097 
0.0160 
0.0224 

Inehu, 

"aim" 
ofoiw' 

a  0810 
0.0407 
0.0551 

Elongation  in 
parts  of  origi- 
nallength. 


.0004 
.0019 
.0032 
.0045 


.0062 
.0081 
.0110 


Broke  in  middle. 


Diameter  of  fractured  section,  0.795  inch. 

Tenacity  i»er  square  inch,  original  section,  4,180 
pounds. 

Tenacity  per  sqnare  inch,  fr«etiir«r  section, 
4,210  pounds. 
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BECOBD  OF  TESTS  BY  TENSILE  STBESS-Contdnned. 

ISeoand  8erie$.] 
Hbchamical  Labobatobt,  Defabtmbkt  of  ExoiNEBBnio,  Stbvevb  Ikstttute  of  Tbchnologt. 

TABLE  CXCin.— ALLOY  OF  COPPSB  AND  TIN. 

Original  mark:  No.  49  A. — ^Material:  Alloy.— Original  mixture:  7.5  Cu,  92.5  Sn. — ^Dimensions:  Length, 

5".    Diameter,  0.798". 


Load  i»er 
square 
Inch. 


Poundt. 
8.200 
4,000 
200 
4,400 
6,000 
6,192 


Elongation 
inSinchea. 


Inehe9. 
0.0065 
0.0278 


a  0472 
0.1109 
0.7945 


Set 


IneJut. 


0.0247 


Elongation  in 
parts  of  origi- 
nal length. 


.0013 
.0056 


.0094 
.0222 
.1589 


Surfitce  of  piece  oonragated  by  strain.    Reduced 
strain  to~ 


4,800 
5,000 


0.8709      I I 

Broke  in  middle. 


.1742 


Breaking  load,  6,198  pounds  per  square  inch. 

Diameter  of  fkuctured  section.  0.710  inch. 

Tenacity  per  sqoara  inch  of  original  section, 
6,192  pounds. 

Tenacity  per  square  Inch,  ftractured  section  (as- 
suming  that  the  final  section  sustained  the  last 
recorded  load,  5,000 poundsper  square  inch  origi- 
nal section),  6,815  pounds.  Dividing  the  maximum 
load  by  the  final  area,  the  apparent  tenacity  per 
square  inch  of  firactnred  section  is  7,981  pounds. 


TABLE  CXCIV.— ALLOY  OP  COPPEB  AND  TIN. 

Original  mark:  Vo.49B.~Materlal:  Alloy.— Original  mixture:  7.5 Go,  92 J^Sn.— Dimensions:  Length, 

&"'    Diameter,  0.798''. 


Load  per 
square 
inch. 

Elongation 
in  5  inches. 

Set. 

Elongation     in 
parts  of  origi- 
nal length. 

Diameter  of  fractured  section,  0.680  inch. 

Tensile  strength  per  square  inch,  original  sec- 
tioi^  6,000  i>ouna8. 

Tensile  strength  per  square  inch,  fhMStored  sec- 
tion, 8,260  pounds. 

Povndt, 

800 

Inehsi, 

0.0019 
0.0067 
0. 0121 

Inehst, 

.0004 
.0013 
.0024 

1,600 

2,000 

200 

0.0  66 

2,400 
2,800 
8,200 
4,000 
200 

0. 0176 
0.0265 
0.0335 
0.0440 

.0035 
.0058 
.0067 
.0088 

0.0420 

4,400 
4.800 

0.0510 

0.0633 

0.0905 

0.1245 

0.1816 

Continued 

broke.    Lot 

IhMSture^  1.15 

.0102 
.0127 
.0181 
.0249 
.0368 

5,200 

5,600 

6,000 

6,000 
and  finally 
just  before  i 

B  minutes 
)t  readini 
06  inches, 

;  piece  extended 
I  of  elongation, 
23.02. 

TABLE  CXCV.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  60  A.— Material:  Alloy.— Original  mixture:  2.5  Cu,  97.6  Sn.— Dimensions:  IJength, 

6''.    Diameter,  0.798". 


Load  per 
square 
Inch. 


PoundM, 
1,200 
1,600 
2,000 
2,400 
2,800 
8,200 
8.600 
4,000 
4,400 
4,800 
6,200 
5,600 
^600 


Elongation 
in  6  inches. 


Inehei. 
0.0061 
0.0124 
0.0286 
0.0356 
0.0498 
0.0596 
0.0691 
0.0926 
0.1158 
0.1601 
0.2406 
0.4891 


Set 


Jncftsff. 


Elongation  in 
imns  of  origi- 
nal length. 


.0012 
.0026 
.0047 
.0071 
.0099 
.0119 
.0138 
.0185 
.0232 
.03*20 
.0409 
.0878 


Continued  2  minntes.    Elongation 


increased  to  1.8260  or  86.52  per  oent,  when  the 
micrometer  would  not  follow  it  Anther.  The  re- 
sistance to  strain  then  gradually  decreased  to  2,200 
pounds  per  square  inon,  when  the  piece  broke  in 
the  middle.  Total  elongation  measured  after  frac- 
ture, 2.05  Inches;  per  cent,  of  length,  41.00. 

Diameter  of  fracturud  section,  0.545  inch. 

Tensile  strength  per  square  inch  of  original  sec- 
tion. 5,600  i>ounds. 

Tensile  strength  per  square  inch  of  ihictured 
section  (assuming  that  the  final  section  sustained 
the  last  obserred  load,  vis,  1,100  pounds),  4,500 
pounds. 

Dividing  the  maximum  load  (2,800  pounds)  by 
the  final  area,  the  apparent  tenacity  ner  square 
inch  of  ftractured  sectioii  is  12,002  pounds. 
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TESTS   OF   METAIjB. 


BECORD  OF  TESTS  BT  TENSILE  STRESS— Contimied. 

Wkhaxkal  Laboratobt,  DBPABnaBMT  OP  B5ocrBBR»o,  Stkvbis  HiBTiTui*  OF  Tmcaxoioar. 

TABLE  CXCVI.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  NaSOB.— Hatoilal:  AHoy.— Original  miztora:  2.6Cii,97.6Sn.~I>imaiaiotta:  Length, 

5"'.    Diameter,  0.788". 


Load  per 

square 
inch. 

Elongation 
in5inchea. 

Set 

Elongation    in 
parts  of  origi- 
nallengtlL 

Besistanoe  deereaaed  Airther  and  piece  broke  2 
inches  from  B  end. 

Total  extension,  measored  after  breaking,  1.96 
inches:  per  cent,  of  length,  39.00. 

PoutndM, 
1,200 

InehM. 

a  0057 
a0256 

Inekti. 

.OOU 
.0061 

Diameter  of  fractured  section.  0.580  inch. 
Tenacity  per  oqnaze  inch  of  original  aeetlon, 
5,600  pounds. 

2»000 
200 

Tenacity  per  square  inch  of  f^aotoied  seetioin 

a  0195 

(diTlding  maximum  load  by  final  aitia),  12,001 

2,400 

0.0347 
0.0460 
0.0615 
0.0707 
0.0775 

.0069 
.0092 
.0108 
.0141 
.0156 

.oisi 

.0256 
.0880 
.0656 

• 

it  whioh  it  eon- 
.8624 

pounds. 

2.800 

8,200 
8,600 

4,000 
200 

a  0757 

• 

4.400 

a0945 

0.1275 

0.1900 

0.8275 
Cantinned! 
inded  rapidly 
ideoreaaed  i 
minute. 

L8iao 

4,800 

6,200 
^600 
5.600 
Piece  ezte 

tinaed  for  1 
5,000 

Iminntea 
to  5,000,  1 

RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 

MscHAmcjLL  LilBORatobt,  DKPABTiisirr  OF  Ehgikbxbiko,  Stevkms  Ihbhtutk  of  Tbcidioloot. 

TABLE  CXCVn.— CAST  COPPEB  (FLX7XED  WITH  TLT70B  SPAB). 
liaterial:  Cast  copper.— Laboratory  number:  525k— Dimensions:  Length,  2^'.    Diameter,  0.625." 


Load. 

Compres- 
sion. 

Load  per 
square 

Compression  in 
IMtrts  of  origi- 

Load. 

Compres- 
slon. 

Load  per 
square 

Compression  in 
parts  of  origi- 

inch. 

nal  length. 

inch. 

nal  length. 

Pounds, 

Inehei. 

PoundM. 

Poundt. 

InehM. 

Pounds. 

1,000 

0.002 

3,259 

.0010 

13,000 

0.345 

42,373 

.1725 

2,000 

0.007 

6,519 

.0035 

14,000 

0.415 

45,633 

.2075 

8,000 

0.010 

9.778 

.OO.'iO 

15,000 

0.474 

48,802 

.2370 

4,000 

0.015 

13,038 

.0075 

16,000 

0.562 

62,152 

.2760 

6.000 

0.019 

16,207 

.0095 

16^500 

0.581 

63,782 

.2905 

6,000 

0.022 

19,557 

.0110 

17,000 

0.611 

65, 411 

.3055 

7,000 

0.028 

22,816 

.0140 

17,600 

0.648 

57,041 

.3240 

8,000 

0.048 

26,076 

.0240 

22.000 

1.26 

71.700 

.6300 

9,000 

0.002 

29.885 

.0460 

Bemoved  piece. 

10,000 

0.146 

82,506 

.0730 

At  9,000  pounds  a 
served;  at  10,000  the 

slight  donfa 
resistance  d 

le  curve  was  ob- 

11,000 

0.201 

85.854 

.1005 

ecreased  to  9,700 

12,000 

a  279 

89,114 

.1806 

in  2  minutes. 

TESTS  OP  HBTALS. 
BECOBD  OF  TESTS  BT  TOBSIONAL  8TBESS. 

TABLE  OXCVnL-COPPBB  AST)  TDI  ALLOYS. 

BmrLTt  or  Ttsn,  Calculubd  fboh  tsb  AcroaaAruic  Snun  Dussimb. 
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'■"T"- 


JndkM. 

0.83 

p.  as 

0.D3 

0.10 
0.20 
0.30 
0.30 

80.  «e 

BB.28 
80.53 

07.61 

84.24 
24.18 
34.24 

84.24 

0.0400 

•S:!!U? 

1.M 

0.40 

0.40 
0.50 

o.«o 

15S;22 

165.82 

64.40 

0.49M 
0.SO82 

0.4208 

ITS 

l.M 
L80 

0.05 

o.«o 

oiov 

180.42 

185:48 

eo.E8 

74.67 
64.40 

0.0708 

0.0440 

o.onss 

LM 

0.M 

0.00 

1.00 
LID 

aw:  68 
220,74 
175.38 

its 

104.81 
114.80 

0.0028 
ftOO«S 

0.0010 

alio 

1.00 

1.00 

0.80 

155.22 
315.70 

44.31 

0.0002 

0.0004 

0.0004 

8.2S 

as5 

138.70 

i8a7B 

0.00003 

IM 

1.28 

183.04 

1S3L04 

0.00008 

a.  65 

145 

108.08 
108125 

105.03 
100L25 

aoooos 

8.  IB 
ILZD 

8.16 
0.20 

134.54 

134.54 

0.00001 
0.00001 

era 

0.89 

28.32 

t&n 

0.00DO1 

O.M 

0.05 

22.84 
28.10 

20.  IB 

0.00001 

LSO 
1.40 

LSD 
LM 

oaie 

80.78 

0.00003 

0.00008 

LTG 

LBO 

100 

LBO 
LOO 

60.66 

58.68 
43.81 

0.0O0OS 

0.00001 

0.00003 

!:5 

0.10 

o.en 
o!oo 

0.70 

12.38 
13.00 

12.88 
8.82 

13.00 

0.00004 

0.00008 

0.00002 
0.00004 

0.40 
1.77 
O.SS 

0.8S 

0.40 

L70 
O.K 

0.80 

8.83 

BO.  29 

B.89 

20.69 
17.3* 

o.ooooa 

O.00O4 

0.00001 

D.» 
1.09 

0.80 
LSB 
ISO 

14.70 

34.  W 
28.74 

14.70 
33.84 
28.74 

0.00004 

0;0OO4 
0.0001 

DerectlTebwr. 

BeCwtiTebtt. 

a  075 

38.58 

o.«eo 

34.H 

0.W0 

28.10 

•24.15 

o!b45 

2.95 

0.880 

8.60 

0.835 

8.82 

8.71 

0.930 

n.n 

0.980 

30.8* 

0.960 

1L75 

432 


TESTS  OF  VEtAIA. 


BECOSD  OF  TESTS  BT  TOBSIONAL  STBESS-Continned. 


§ 


Hi 


& 


d 


•a 

o 


I 


46  A. 
B. 
C. 
D. 

47  A. 
B. 
C. 
D. 

48  A. 
B. 
C. 
D. 

49  A. 
B. 
C. 
D. 


50 


A. 
B. 
C. 
D. 


Sq.in. 
0.26 
2.78 
0.87 
0.89 

a  18 
1.70 
1.08 
3.11 

6.75 
8.51 
7.97 
6^05 

10.78 
15.80 
10.24 
18w02 

22.45 
21.88 
25.93 
2&28 


4 


D«gr§e$, 
8.5 
16 
6 

4 

8 

18 

10.5 

16 

63 
64 
68 
46 

125 

186 
180 
221 

325 
848 
850 
424 


OrdiDAto. 


0.95 
1.90 
1.85 
L55 

0.95 
1.55 
1.40 
1.55 

1.85 
1.48 
1.85 
1.43 

LOO 
0.90 
L45 
LOS 

0.82 
a80 
LOO 
a80 


.s 
is 


0.95 
L80 
L80 
L45 

0.90 
LIO 
L12 
L80 

L07 
L15 
LIO 
LOS 

0.60 
0.50 
0.60 

aso 
ass 

0.30 
0.40 
0.80 


Torsional  mo- 


FLlbt. 
17.85 
33.56 
32.71 
27.69 

17.35 
27.60 
25.03 
37.69 

24.18 
8S.54 
24.18 
2S.54 

1&21 
16.50 
26.89 
1&71 

15.22 
14.79 
1&21 
14.79 


Ft-tb§. 
17.85 
3L29 
8L29 
26.88 

1Sl98 
19.49 
19.73 
23.88 

1&97 
20.34 
ia48 
18.63 

12.38 
9.67 

12.38 
9.67 

10.58 
6.26 
6.83 
6.26 


0.0003 
0.0038 
0.0005 

aooos 

0.0001 
0.0025 
0.0016 

aoo38 

a0409 
0.0593 
0.0574 
0.0310 

0.2108 
0.4246 
0. 4014 
a5662 

L0352 
L1458 
L1550 
L5400 


Ft-tbt. 
0.84 
&45 
2.71 
L24 

0.60 
&S2 
&83 
6L60 

81.16 
30L62 
34.99 

18.98 

84.44 
49.26 

60.88 
68.06 

73.32 
7a  45 
84.15 
93.66 


Bapid  motkm. 


*  Bectangnlar  Beotion  0.970^'  x  0.975",  reduced  to  standard  sectiDn  by  the  formal*— 

Y=s  --^-^^ — = V  X  .22L    y  =  valae  of  specimen  tested,    b  =  side  of  square  specimen,    r  s  0JI13S. 

—  — 6* 
4.243 

RECORD  OF  TESTS  BY  TRANSVERSE  STRESS. 

IClCBAinCAL  LXBORATOBT,  DEFAXTMEST  OF  XllGDnBBIirO,  STXYB2CB  IRBTITUTB  OF  TiCBHOLOOT. 

TABLE  CXCIX.— BAB  OF  CAST  COPPEB. 

Original  mark:  "No.  68.— Koterial :  Copper  cast  in  iron  mold.— Dimensions:  Length  between  sapports, 

1=22^    Breadth,  1.0".    Depth,  1.9". 


Load. 

Deflection. 

JPoundM. 

IneheM. 

13 

a  0058 

23 

aooos 

43 

a  0105 

63 

a  0245 

83 

a  0315 

93 

a  0335 

8 

118 

a0385 

153 

a  0495 

193 

a  0590 

8 

318 

a0680 

268 

a  0735 

293 

a0880 

Set. 


Inehe$. 


a  0085 


a  0100 


Kodulns  of 
elasticity. 
PP_ 

4  Abcf 


6,529.438 

6,444.841 
6, 9X7. 333 
a  845, 143 
7, 014, 158 
7,390,029 


7.813,142 
8, 227, 114 
8, 707, 912 


9,000,094 
9, 163. 076 
9,397,187 


Load. 


Pownd9. 
8 
343 
393 
433 
406 
543 
593 
643 
743 
843 
893 


Defleetion. 


JfidUt. 


Set. 


Jnehsi. 
a  0150 
a  0070 

a  1130 

a  1305 
a  1765 
a  2376 
a  8835 

a  46 
a  84 

L38 
Broke  in  applying  strain. 
Breaking  load,  about  800  pounds. 

Hodolnsof  niptaie.B=|s^-28»88a 

8  MP 


Modulus  of 
elasticity. 
PP 

4A6d* 


la  448. 900 
9, 258;  107 
8,832,586 


TESTS   OF  METALS. 
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RECORD  OF  TESTS  BT  TRANSVERSE  STRESS— Continued. 

ICBOHANICAL  LaBOBATOBT,  DKPABTMBIIT  of  ENQIHXBBSHG,  ^BVBKS  IraTITUTB  OF  TBCHirOLOOT. 

TABLE  GC— BAB  OF  CAST  COPPBB. 
Otlgliial  mark:  No.  54.— Mftterlal:  Copper  oaat  in  iron  mold.— Dimonsions:  ls22".    bssV,    dsl". 


Load. 

Deflection. 

Pimnda. 

IneksB. 

18 

0.0025- 

28 

0.0046 

43 

0.0096 

78 

a  0165 

08 

0.0240 

143 

0.0370 

103 

a0620 

843 

0.1120 

8 

898 

0.2400. 

343 

0.4700 

896 

0.80 

Set 


Inekei. 


a0660 


Modnlns  of 
elasticity. 

4A5? 


18,842.400 
18,310,000 
11,680,204 
11,777,888 
11,788,856 
10,288,270 
8,551,506 


Load. 


Deflection. 


Set 


Inehst. 


Modolns  of 
elasticity. 

4AbiP 


Poundi.     Inehe$. 

448  L22 

496  1.68 

543  2.18 

508  2.90. 

648  The  supports  slid  fttnn  under  the  bar  as 
it  bent  under  the  load.  The  piece  was  afterwards 
bent  by  pressure  at  the  ends  till  the  ends  touched 
without  oreakinff. 

Breaking  load, T=:643  pounds. 

Hodnlns  of  rupture,  E=2  ~^^^t^^- 


TABLE  CCL— BAB  OF  CAST  COPPEB. 

Original  mark:  Ko.  55.— Material:  Copper  cast  in  iron  mold.— Dimensions:  Length  between  supports, 

l^22f'.    Breadth,  6=0.965".    Depth,  dsO.OTO". 


20 

0.0033 
0.0075 
0. 0176 
0.0224 

480 
500 
5 
540 
580 

0.4068 
0.4855 

40 

15,702,047 
18,450.730 
13,210,831 

""■i2,'30i,"425"" 
11,174,068 
10, 728, 726 

80 

0.8619 

100 

a6348 
a  8378 

5 

0.0001 

140 

0.0337 
0.0477 
0.0552 

Bnptured. 

180 

580 
680 
720 
800 
840 
860 

0.8653 

1.46 

1.74 

2.39 

2.85 

3.28 

200 

6 

aooo5 

240 

0.0674 
0.0910 
0. 1176 
0.1663 
0.2057 

10,540,763 
0,111,146 

280 

820 

860 

Supports  slid  out 

.    BArhmit. 

400 

Breaking  load,  P=s860  pounds. 

8  P{ 

6 

0.1114 

440 

0.2888 

Modulus  of  rupture,  Bso  ->.>•  a8D,621. 

«     vur 

TABLE  CCH^BAB  OF  CAST  COPPEB. 


Original  mark:  Na  5G.— Material:  Copper  cast  In  iron  mold.— Dimensions:  1=22".  5^0.972".  (isO.965''. 


40 

0.0088 

80 

0. 0191 

100 

0.0261 

5 

140 

0.0462 

180 

0.0606 

900 

a  0861 

5 

840 

0.1882 

280 

0.2247 

820 

0.8628 

860 

0.5397 

400 

0.7752 

5 

440 

LOl 

0.0048 


a0402 


a  6708 


14,298,626 
13. 170, 088 
12,048,347 


9,789,155 
9^839,672 
7,303,964 


480 
500 
520 
540 
560 
580 
600 
620 
640 


L30 
L47 
LOS 
L81 
8.01 
2.21 
2.41 
2.66 
&51 


Supports  slid  out.    Bar  bent 
Breaking  load,  P=640  pounds. 

8  PI 
Modulus  of  rupture,  B  sg  ~gjr^^8a4. 


28  TM 
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TESTS   OP  METALS. 


RECORD  OF  TESTS  BY  TRANSVERSE  STRESS— Continued. 

Mbchahical  Laboratobt,  DKrAimcxxT  of  Engubsbiko,  S-nvms  laenTim  op  TacmroLOor. 

TABLE  CCnL— BAB  OF  CAST  COPPER. 

Orisinfll  mark:  Ka  57.— HttterUl:  Lako  Superior  oopper  cMt  in  iron  mold. — Dimenaions:  liensth 

between  supporta,  1=22".    6=L010".    d=1.010". 


Load. 

Deflection. 

Set 

Modulua  of 

elaaticity. 

PP 

i^bd* 

Load. 

DSBfleotion. 

Set 

Modulua  of 

elaaticity. 

PP 

4AM> 

Pounds. 
10 

0.0068 
0.0000 
0. 0148 
0.0232 
0.0280 

Ineket, 

1 

Poundg, 

600 
8 

Inehei. 
L1248 

7«W. 

20 

5,168,758 
6, 014, 825 
8,822,534 
9,137,825 

n  fiMo 

40 

1  BesiatapMt  Infirrvnrd  in  Ifi  mlntttiui  to  10  tMknaulA. 

80 

!         8 
'  I)ecn^4M 



0.9832 

aoooe 

^ 

100 

lA  of  Mit  in 

8 

a0084 

15  minntea. 
600            1. 1483 

150 

0.0401 
0.0538 
0.0680 
0.0880 
0.1103 
0.1670 

0,036,856 
9, 511, 283 
9,406,380 
8,633,076 
7, 506. 180 
6,128,228 

200 

620 
640 
680 
720 
760 
800 
820 

L22 
L40 
L75 
2.10 
2.48 
&22 

250 

300 

350 

400 

3 

0.0812 

1 

420 

0.1008 
0.2708 
0. 4010 
0.5808 
0.7110 
0.0913 

3.77 

450 

Bent  without  breaking. 
Breaking  load,  P=820  ponnda. 

3   PI 

500 

520 

540 

Modulua  of  ruptnre,R  =2  5^  =26,271. 

580 

............. 

TABLE  CCIV.— BAB  OF  CAST  TIN. 

OricinAlmark:  No.  5&— Material:  Queenaland  tin  caat  in  iron  mold.— Dimenaiooa :  1=22''.    & =1.038". 

<l=1.023". 


10 

0.0082 
0. 0118 

1    Reaintanoe  decreaeM  in  8  minntea  to  62  ponnda. 
Rosiatanco  dccreaat.  1  in  8  minntaii  to  &B  nnnn<)«. 

80 

5, 754, 991 

3 

0.0009 

100 
110 
120 
130 
130 
Cont'd 
1  min. 
140 
ISO 

0.  3033 
0.3827 
0.6403 
a  8091 

*" 

10 

0.0087 
0  0129 
0. 0173 
0.0241 
0.0333 

20 



80 

- . 

5,310,020 
6,685.503 
8,696,764 

40 

I     L07 

1.36 

50 

3 

0.0126 

60 

0.0502 
0.0600 
0.0850 
0.1416 
0.2109 

- 

70 

Ran  nrfiflanrA-acrew  down  alovlv  till  iIa. 

80 

flection  was  more  than  3  bichea :  the  8cale>bieam 

00 

vibrating  aU  the  time  about  150  pounds. 
Bent  without  breaking. 

100 

8 

a  1763 

Breaking  load,  P=150  ponnda. 

3   PZ 

100 

0.2415 
loedecreaaed 

Beeiatai 

L  in  1  minute 

» to  70  pounda. 

Modi 

ilna  of  mpto 

ire,  R=2  -5^ 

r=4,659. 

RECORD  OF  TESTS  BY  TENSILE  STRESS. 

MJKHAHICAL  LaBO&ATORT,  DEFABTMKZrV  OP  ENQDnCKBEfO,  SmVEIia  IXSnrUTB  or  TSGHirOLOGT. 

TABLE  CCV.— CAST  COPPER  (FLUXED  WITH  FLUOR  8PAR1. 

Origtoal  mark:  No^  61  A.— Material :  Copper  caat  in  hot  iron  mold,  fluxed  with  fiuor  apar.— Dlmen* 

aiona:  Length,  0.12^'.    Diameter,  0.798". 


Load  per 
aqnare 
in^h. 

in     6.12 
inchea. 

Set 

Elongation  in 
parte  of  orig- 
inal length. 

Fractured  section  elliptical. 
Diameters,  0.770  and  0.0780  indh. 
Tenacity  per  aqnare  inch,  original  aeotioii,14,540 
ponnda. 

Jnehet. 

6,080 

8.480 

9,840 

10,700 

11,560 

11,800 

Inehe9, 

0.01 

0.02 

0.03 

0.04 

0.06 

0.07 

0.09 

0.12 

0.16 
Broke  1  ii 

Inehei. 

.0016 
.0033 
.0049 
.0065 
.0098 
.0114 
.0147 
.0106 
.0261 
1  end. 

Tenacity  nar  square  inch,  fraotnred  seotkm, 
15,412  ponnda. 

12, 310 
18.560 

14,440 
14,540 

Lch  from  C 

TESTS   OF   METALS. 


435 


RECORD  OF  TESTS  BY  TENSILE  STRESS— Continued. 

HscHAincAL  Labobatobt,  Dbpartmxht  of  BNGiinEBiiiNo,  Stbtsnb  Ihbtitutb  of  Techholoot. 

TABLE  CCVI.-^AST  COPPEB  (FLUXED  WITH  FLITOB  SPAR). 

Originid  mark:  No.  51  B. — Katwrlftl :  Copper  cast  In  hot  Iron  mold  fluxed  with  flnor  spar.— Dimen* 

sions:  Lengthf  6.19".    Diameter,  0.798". 


Load  per 
square 
Inoh. 


8,000 

9,800 
10,000 
11,400 
12,400 
15,100 
16,200 
17,040 
18,000 
19,400 
20,000 
0 
20,400 
20,440  , 
Broke  at  I) 


Eloneation 
in  6.19 
inches. 

Set. 

Ineket, 
0.01 

Inches. 

ao2 

0.08 

0.07 

0.11 

0.17 

0.23 

0.26 

0.30 

^86 

a40 

a40 

0.44 

0.46 

end. 


Elongation  in 
parts  of  orig- 
Inallength. 


.0016 
.0032 
.0048 
.0113 
.0178 
.0275 
.0372 
.0258 
.0485 
.0581 
.0646 


.0710 
.0748 


Diameter  of  fractured  section.  0.768  inch. 

Tenacity  per  square  inch,  original  section,  20,440 
pounds. 

Tenacity  per  square  inch,  fhtctured  section, 
22j353  pounds. 

The  loUowing  measurements  were  made  of  the 
diameter  of  the  piece  after  breaking : 

Inehtt. 

At  fhhctured  section 0.763 

I  inch  fh>m  fractured  section 0. 765 

1  inch  from  fractured  section 0.766 

2  inches  team  fractured  section 0.766 

8  inches  from  flractured  section 0.765 

4  inches  ftom  fractured  section 0.766 

4^  inches  firom  fractured  section 0.767 

5  inches  from  fractured  section 0. 768 

6  inches  fh>m  fractured  section 0.768 

6|  inches  from  flractared  section 0.774 


TABLE  C3CVIL-OAST  COPPER. 

Original  mark:  No.  52  A.— Material:  Oopper  cast  in  iron  mold.— Dimensioos :  Length,  5.95".    Diame- 

ter,  0.798". 


Load  per 
square 
inch. 


Pounds. 

800 
1,800 
2,800 
3.700 

200 
4,000 
4,800 

200 
6,100 
7,100 
7,700 

200 
8,000 
8,950 
9,800 

200 
10,500 


Elongation 
in  5.95 
inches. 


JnoAM. 
0.0008 
0.0012 
0.0O23 
0.0037 


""©.'ooii" 

0.0048 

0.0066 
0.0080 
0.0098 

0.0102 
0.0129 
0.0158 

0.0195 


Set. 


InohBS. 


0.0002 


0.0004 


aQ028 


0.0084 


Elongation  in 
parts  of  orig- 
mallength. 


.0001 
.0002 
.0004 
.0006 


.0007 
.0008 


.0011 
.0013 
.0016 


.0017 
.0022 
.0027 


•  0088 


Load  per 
square 
inch. 


Elongation 
in  5.05 
inches. 


InehM. 

0.0272 
0.0315 


0.0373 
0.0439 


0. 0610 
0.0628 
0.0853 


0.0953 


Set 


Inehes* 


.0046 
.0053 


0.0282 


.0063 
.0074 


0.0353 


PowndM. 

11,700 

12,000 

200 

12,400 

18,450 

200 

14,000 

14.850 

16,000 

200 

16,940 

Broke. 

Diameter  of  fractored  section,  0.775  inch. 
Tenacity  per  square  inch,  original  section,  16,940 
pounds. 

Tenacity  per  square  inch,  fraotuzed  section, 
17,956  pounds. 


0.0743 


Elongation  in 
parts  of  orig- 
mal  length. 


.0086 
.0106 
.0143 


.0160 
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RECORD  OF  TESTS  BT  TENSILE  STRESS— Conthined. 

MBCRARICAL  LaBORATOBT,  DlPAmmT  OF  SSOCISBBniO,  emrWU  ISVnfDlB  OF  TiCRXOUMT. 

TABLB  GGYIIL^CAST  OOPPBR 

Oriffunl  nmrk:  Bb.  SB R— Material:  Copper  CMt  In  iron  mold.— JMaemleaB:  hmgjOL  9*.   Btnaeter. 

O.TM''. 


,»?"''»' in  5  iShee. 


1,200 

%000 

vOOO 

8.000 

S,800 

9,600 

11.400 

]£,200 

12,000 

11,800 

11,600 

li,4(X> 

)ft,200 

lOiOOO 

16,300 


0.0018 
a0024 
0.0028 
0.0050 
0.0068 

a  0100 

0.0180 
0.0284 
0.0467 
0.0668 
O.00B2 
a  1280 
0.1607 
0.1064 
0.2347 


Set 


doonidon  Id 
paneoforig- 
inalleDKih. 


.0005 
.0006 

.0010 
.0014 
.0020 
.0036 
.0057 
.0009 
.0132 
.0187 
.0250 

.oni 

•  0887 


Load  per 

square 
ta^h- 


17,600 
18,400 
200 
10,900 
20,000 
20,800 
21,200 
_21, 


Shngatiop 
ln5lBcbeft 


a28S7 
a828t 


0.3752 
0.4068 
0.4402 
0.4582 
Broke  in  middle. 


Set. 


0l8121 


UoDflattOU  IB 

paiwoforig- 
balles«:th. 


06n 


.6750 
.0617 
.0680 
.0»16 


715 


Fractured  aeetion  eUiptioal.    IMaaelen.  0. 
and  0.707  inch.  * 

Tenacity  per  square  inch,  eviginal  section,  21,600 
ponnds. 

Tenacity  per  s%aaire  inch,  fraotnred  seetiMK, 
27,204  poimda. 


TABUB  OOUC^CAST  COPPXB. 


Original nnrict  KowSSA.    Matoriali 


Copper  east  in  Iran  moid.— PlawiiwInnB  i 

OlTOO"'. 


Length,  V*.    Diameter 


Load  per 
square 
inclL 

Kkmgation 
in  5  inches. 

Set. 

paitBoforig-  | 
inal  length. 

1     Diameter  of  fraotnred  8eotlon,^0.780  inch. 

Fraotared  sorllMe  spongy,  fbll  of  blow-holes. 
1     Tenacity  per  square  inch,  original  section,  18.B0O 
pounds. 

Pounds. 
12,800 
13,600 

Inches, 
a  0135 
0.0167 
0.0225 
0.0310 
0.0421 
0.0535 
0.0664 
0.0744 
0.0818 
Broke  1  inc 

Indke§. 

.0027 
.0038 
.0045 
.0002 
.0084 
.0107 
.0133 
.0148 
.0168 
end. 

Tenacity  per  square  inch,  frvetnred  seotkm. 
10,678  poonda. 

14,400 

15,200 

16,000 

16,800 

17,600 

18,000 

18,400 
18.800 

h  from  A  ( 

TABLB  CCX.-^AST  COFPK& 

Original  mark:  No.  68  B.~-Haterial :  Copper  cast  in  iron  mold     DlTnci—ions   Length,  5^.    Diamet<*r. 

0.708". 


Broke  at  9,200  pounds  per  square  inch.  The 
piece  bent  while  it  was  being  stmined  so  that  the 
ekmgatlons  oonld  not  be  detennined. 


The  piece 
throughout. 


iras  spoagy  and  lUl  of  blow-holM 
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BECOBD  OF  TESTS  BY  TENSILE  STRESS— Continaed. 

MBCHAHIGAL  LABOBATOST,  DBPABTMXHT  OV  BVOOnOUDIO,  STBYKHB  I— HTUTJI  of  TBGHHOLOaT. 

TABLE  CCZL-^F  OAST  COPPSB. 

Original  mark:  Ko.  57  A.— Material:  Copper  oaat  la  iion  mold.— DfmenBtona ;  Length,  9".    DJameter, 

0.798^. 


Load  per 

square 

{fifth. 


Poundt. 

1,000 

2,000 

8,000 

4,000 

5,000 

0,000 

7,000 

8,000 

240 

9.000 

10,000 

11,000 

12,000 

240 

13,000 

14,000 

15,000 

15,000 

240 

17,000 


EloBgatioa 
in  5  inches. 


IndiM. 

a  0000 

a0038 

aooeo 
aooso 
a  0118 

a  0187 
a  0168 
a0205 


0.^234 
0.0279 
a0385 
0.0402 


0.0492 
0.0627 
0.0798 
0.1041 


0.1277 


Set 


Inehei. 


Elonntion  In 
parts  of  origi- 
nallength. 


0.0089 


0.0824 


0.0964 


,0002 
.0008 
.0018 
.0018 
.0023 
.0027 
.0034 
.0041 


.0047 
.0056 
.0067 
.0080 


.0008 
.0125 
.0160 
.0208 


.0255 


Load  per 
square 
inoh. 


Poundt. 
18,000 
19,000 
20,000 

240 
21,000 
22,000 
23,000 
24,000 

240 
25»000 
25,000 


Bloagatiom 
in5inohes. 


0.1507 
a  1806 
a  2122 


0.2455 

0.2828 

a8205 

0.3686 

0.4180 
a  4670 


Set 


Jn«Ast. 


0.2009 


BloBgatioB  in 
pans  of  origi- 
nal length. 


.0301 
.0861 
.0424 


.0491 
.0666 
.0641 

.0787 


.0886 
.0994 


Broke  in  middle. 

Diameter  of  fhbctnred  section.  0.788  inch. 

One  elliptical  blowhode  in  nraotured  surflKJe. 
Diameters,  0.48  and  0.08  inoh. 

Tenacity  per  square  inch,  original  section, 
26,000  pounds. 

Tenacity  per  square  inch,  fiaotared  section, 
80,398  pounds. 


TABLE  CGXIL-^AST  GOPPBE. 

Original  mark:  Ifo.  57  B.— Material:  Copper  cast  in  iron  mold..— Dimensions:  Length,  5".    Diameter, 

0.798". 


Load  per 
square 
inch. 


PoundB, 

1,000 

2,000 

3,000 

4,000 

5,000 

6.000 

7,000 

8,000 

240 

9,000 

10,000 

11,000 

12,000 

240 

18.000 

14,000 

15,000 

16,000 

240 


Elongation 
in  5  inches. 


Inehtt. 
a0004 
0.0032 
0.0064 
0.0003 

a  0116 

0.0144 
0. 0170 
0.0201 


0.0227 

0.0268 

a  0321 

0.0371 

0.0428 

0.0485 

0.0554 

a.06B2 

Set 


Inehet. 


0.0037 


0.0253 


0.0688 


Bloagation  in 
parts  of  origi- 
nal length. 


.0001 
.0006 
.0013 
.0019 
.0023 
.0029 
.0034 
.0040 


.0045 
.0058 
.0064 
.0074 


.0086 
.0097 
.0111 
.9130 


Load  per 
square 
inch. 


Poundt. 
17,000 
18,000 
19,000 
22,000 

240 
21,000 
22.000 
23,000 
24,000 

240 
25.000 
26,000 
29,820 


Elongation 
in  5  inches. 

Set 

Inehet. 
a  0779 
0.0061 
0. 1142 
a  1388 

Inehst. 

Him' 

d.'2888' 

0.1702 
0.2028 
a  2444 
0.3020 

0.3585 

lilonftation  in 
pans  of  origir 
nal  length. 


.9166 
.0190 
.0228 
.0278 


.9340 
.0406 
.0489 
.0604 


.0717 
Measuring  apparatus  slipped. 
Broke  2  iniBhes  from  B  end. 


Diameter  of  fractured  section,  0.724  inch. 

Tenacity  per  square  inch,  original  section, 
20,820  pounds. 

Tenacity  per  square  Inch,  fractured  section, 
36,217  pounds. 


J      \' 


it    A    A 


X 


T 


'^r 
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TESTS  BY  TORSIONAL  STRESS  OF  EXTRA  PIECES  OF  COPPER  AND  TIN. 

Calculated  fbom  tbb  Autoobaphic  Strain  Diaobams. 
llxcHANicAL  Labokatout,  Dbpabtbieiit  OF  Enoikebriko,  Stbvbms  Institutb  of  Technoloot. 

TABLE  CCXV.— LAKE  SUPERIOB  COPPEB. 


No. 

Area  of 
diagram. 

Angle  of 
toriion. 

ordinate. 

Ordinate 

at  elastic 

limit. 

Maximum 

torsional 

moment. 

Torsional 
moment  at 

elastic 

limit 

Extension 

of  exterior 

fiber. 

Besillence. 

Sq.indief. 

o 

Jnehet. 

Inekei. 

FLpounds. 

FLpoundt. 

FtpoundM. 

51  A... 

6.00 

128 

0.65 

0.18 

87.19 

32.00 

0.2196 

165.63 

B... 

21.18 

135 

LOO 

0.70 

134.38 

52.04 

0. 2418 

263.58 

C... 

10  58 

108.5 

0.80 

0.35 

104.81 

6L96 

0.8582 

24a  74 

D... 

5.29 

113 

0.85 

0.20 

U0.68 

34.84 

0. 1747 

129.81 

52  A... 

18.16 

185 

L05 

0.15 

134.17 

2&47 

0.4206 

801.75 

B... 

&75 

109 

0.06 

0.42 

100.78 

43.64 

0.1634 

199.07 

D... 

1&63 

170 

L20 

a27 

124.97 

8L22 

0.3637 

35  J.  53 

58  A... 

7.68 

82 

L15 

0.35 

119.93 

89.28 

0.0954 

170.88 

B... 

2.72 

47 

a80 

0.35 

84.65 

89.28 

0.0328 

64.65 

C... 

2.70 

40 

0.80 

0.40 

84.05 

44.82 

0.0235 

62.91 

B... 

2.70 

89 

0.85 

0.40 

89.69 

44.82 

0.0224 

62.72 

57  A... 

4.29 

72 

0.70 

a20 

74.57 

24.16 

0.0743 

80.40 

B... 

15.44 

100 

L15 

0.50 

lia98 

54.41 

0.8272 

282.76 

C... 

7.84 

98 

0.95 

0.40 

99.77 

44.82 

0.1339 

144.75 

D... 

9.85 

115 

LOO 

0.80 

104.81 

84.24 

0.1804 

172.49 

TABLE  CCXVL-QUEENSLAND  TIN. 


58  B... 
0... 
D... 


84.78 
65.55 
2&00 


619 
818 
687 


a65 
0.05 
0.60 


0.20 
0.25 
0.20 


11.73 
16.84 
10.88 


4.08 
4.93 
4.08 


2.6211 
8.5722 
2.6154 


176.21 
29L04 
158.20 


RECORD  OF  TESTS  BY  COMPRESSIVE  STRESS. 


TABLE  COXVn.— ALLOT  OF  COPPEB  AND  TIN. 

Original  mark:  Ka  81.— Material:  Alloy.— Original  mixtnre:  97.5  Ga,  2.5  Sn.— Analysia:  99.09  Co, 

0.87  Sn.— Dimensions :  Length,  2".    Diameter,  0.625". 


Load. 


Pound*. 

150 

2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

14,000 


CompTM. 
sion. 


Inches. 
.0000 
.0018 
.0098 
.0302 
.0609 
.1077 
.1662 
.2601 


Load  per 
square 
inch. 


Pound*, 


6,519 
18,038 
19,657 
26.075 
82,593 
89,114 
45.638 


Compression  in 
parts  of  orlg- 
mallength. 


.0009 
.0046 
.0151 
.0305 
.0539 
.0831 
.1300 


Load. 


I' 


Poundt. 
16,000 
18,000 
20,000 
22.000 
24.000 
25,000 


Compres- 
sion. 


Inches. 
.3951 
.6176 
.6156 
.7266 
.8483 
.8801* 


Load  per 
sqnare 
inch. 


Pounds. 
52. 152 
58,671 
05,188 
71,  709 
78,228 
81,485 


Compression  in 

£arts  of  orig- 
lal  length. 


*  Wedge  oraoked  off  at  the  top. 


.1975 
.2588 
.8078 
.8683 
.4242 
.4400 


CCXVnL— ALLOT  OP  COPPEB  AND  TIN, 

Original  mark:  No.  82.— ICaterial :  Alloy.— Original  mixtare:  92.5  Co,  7.5  Sn.— Analysis :  94.11   Go, 

6.43  Sn.— Dimensions:  Length,  2".    IHameter,  0.625^'. 


160 

.0000 

22,000 
24.000 

.4584 

71,709 
78,228 

.2292 

2,000 
4,000 

.0000 

6,519 

.5151 

.2675 

.0000 

13,038 

26,000 

.6778 

84.747 

.2889 

6.000 

.0002 

19,657 

.0001 

28.000 

.6303 

91,266 

.3197 

8,000 

.0108 

26.075 

.0054 

30,000 

.7000 

97,780 

.8500 

10,000 

.0611 

32,695 

.0255 

32,000 

.7499 

104, 303 

.3749 

12,000 

.1219 

39,114 

.0609 

>  84,000 

.8033 

110,822 

.4016 

14,000 

.1987 

45,633 

.0068 

36.000 

.8447 

117,341 

.4223 

16,000 

.2648 

62,152 

.1324 

38,000 

.8018 

128,860 

.4459 

18.000 

.3310 

68,671 

.1655 

;  40,000 

.9330 

130,379 

.4665 

20,000 

.3951 

66,188 

• 

.1975 
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RECORD  OP  TESTS  BY  COMPRESSIVE  STRESS-Continued. 
Mbchakical  Laboratobt,  DBPABm!rr  of  Exouibbbixo,  Stbvskb  iKSTrrun  of  Tbchhoukit. 

TABLE  CCXIX.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  Ko.  83.— Haterial :  Alloy.— Original  mixture:  87.5  Cn.  12.6  So.— Analysis:  88.40  Co, 

U.50Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


Load. 

Compres- 
sion. 

Load  per 
square 
inoh. 

1 
Compression  in  , 
parts  of  origi-     Load, 
nal  length. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

PoundM. 
150 

Jnehei. 
.0000 
.0014 
.0058 
.0170 
.0374 
.0711 
.1166 
.1636 
.2102 
.2564 
.2991 

Poundt. 

1 

Pounds. 
24,000 
26.000 
28.000 
30,000 
32.000 
34.000 
36,000 
38,000 
40,000 
42.000 
44,000 

Inches. 
.3234 
.3575 
.4010 
.4412 
.4815 
.6171 
.6534 
.6005 
.6234 
.6611 
.6911 

PoundM. 

78.228 

84,747 

91,266 

97,785 

104, 303 

110,822 

117, 341 

123,860 

130,379 

136,898 

143,417 

.1617 

4.000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 

13,038 
19,557 
26,075 
82,605 
39. 114 
45,633 
62,152 
58,671 
65.188 
71,709 

.0007 
.0020 
.0085 
.0187 
.0355 
.0553 
.0818 
.1051 
.1282 
.1495 

.1788 
.2009 
.2206 
.2407 
.2585 
.2767 
.2952 
.3117 
.3305 
.3455 

TABLE  CCXX.— ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  Na 34.— Material:  Alloy.— Original  mixture:  82.5  Cu,  17.6  Sn.— Analysis:  82.72  Co, 

17.33  Sn.— Dimensions:  Length,  2f',    Diameter,  0.625". 


150 

.0000 

1 

32,000 
:  34,000 

.2111 

104.303 

.1056 

10,000 

.0005 

82,605 

.00026 

.2381 

110.822 

.1190 

12,000 

.0044 

39.114 

.0022 

36,000            .2704 

117, 341 

.1352 

14, 000 

.0107 

45,633 

.0053 

38,000 

.3088 

123,860 

.1544 

16,000 

.0174 

62, 152 

.0087 

40,000 

.3896 

180, 379 

.1606 

18,000 

.0268 

58,671 

.0134 

42,000 

.8821 

186,806 

.1910 

20,000 

.0408 

65,188 

.0204 

44.000 

/•J 

14.^.  417 

22,000 

.0628 

71, 709 

.0314 

24,000 

.0872 

78,228 

.0436 

*  A  wedge-shaped  piece  slid  ( 

r>ff  at  the  top,  and 

26,000 

.1123 

84,747 

.0561 

a  piece  cracked  off  at  the  hot 

tom;  it  was  also 

28,000 

.1464 

91, 266 

.0732 

cracked  badly  at  the  middle. 

30,000 

.1766 

97,785 

.0883 

TABLE  CCXXI^ALLOY  OF  COPPEB  AND  TIN. 

Original  mark:  No.  85.— Material :  Alloy.— Original  mixture:  77.5  Cn,  22.6  Sn Analysis:  77.56  Cn, 

22.25  Sn.— Dimensions:  Length,  2".    Diameter,  0.625". 


150 

.0000 

1 

34,000 

.0447 

110.822 

.0223 

14,000 

.0009 

45, 633 

.00045          ' 

36,000 

.0014 

117, 341 

.0307 

16,000 

.0029 

62,152 

.00145          1 

38,000 

.0807 

123,800 

.0403 

18,000 

.0045 

58,671 

.00225 

1  40,000 

.1006 

130,  379 

.0503 

20. 000 

.0070 

65,188 

.0035 

i  42,000 

.1212 

136,898 

.0606 

22,000 

.0092 

71,  709 

.0046 

44,000 

.1537 

143, 417 

.0768 

24,000 

.  0120 

78,228 

.0060 

46,000 

.2027 

149,932 

.1013 

26,000 

.0156 

84,747 

.0077 

28,000 

.0190 

91,266 

.0005 

The  specimen  vrt 

ts  cracked  d 

little  at  the  top. 
a  capacity  of  tho 

30,000 

.0260 

97,785 

.0130 

Had  to  stop  on  act 

Munt  of  th< 

32,000 

.0342 

104, 303 

.0171 

machine. 

TABLE  CXXn.-ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na  43.— Material:  Alloy. /-Original  mixture:  37.5  Cn,  62.5  Sn. — ^Analysis:  87.10  Cu, 

62.9  Sn.— Dimoasions:  Length,  2".    Diameter,  0.626". 


Load. 

Compres- 
sion. 

Load  per 
square 
inch. 

Compression  in 
parts  of  orig- 
inal length. 

*  The  bottom  of  the  specimen  all  crumbled  away. 

Pounds. 
150 

Inches. 
.0000 
.0051 
(•) 

Pou7xds. 

2,000 
4,000 

6,619 

.0026 

. 
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BECOBD  OF  TESTS  BY  COMPBESSIVE  STRESS— Continued. 

Mbchanical  Labobatost,  Department  of  Ekoivbebino,  Steyeks  Ixstitute  of  Tbchnologt. 

TABLE  CCXXni.— ALLOT  OF  COPPER  AND  TIN. 

Original  mark:  No. 44 — ^Material:  Alloy.— Original  mixtnre:  32.5  Co.  02.6  Sn.— Analysia;  80.76  Ca, 

00.19  Sn.—DimeiiAiona:  Length,  2".    Diameter,  0.626^^ 


Load. 

Comprea- 

BiOO. 

Load  per 
aqnare 
inch. 

Compreaaion  in 
parte  of  origi- 
nal length. 

Broke  by  a  wedge-ehaped  pieoe  sliding  off  of  the 
top ;  the  bottom  oraoked. 

Pounds. 
150 

JfMAM. 

.0000 

.0010 

.0081 

Lifted  the 

beam. 

Pcvnds, 

8,000 
4,000 
S,000 

9.778 
18.038 
16,297 

.0005 
.0040 

t 

TABLE  CCXXrV.—ALLOY  OP  COPPEB  AND  TEN. 

Original  mark:  No. 45.— Material:  Alloy.— Orijrinol  mixture:  27.5  Co,  72.5  Sn.— Analyaia :  26.62  On, 

78.18  Sn.—Dimeiiaion8:  Length,  2''.    Diameter,  0.625". 


160 
2,000 
3,000 
4,000 
5.000 


.0000 
.0019 
.0062 
.0182 
Lifted  the 
beam. 


6,519 

9,778 

18,038 

16.297 


.00096 

.0031 

.0091 


Cmshed  by  having  a  wedge-ahaped  piece  slide 
oat  of  the  middle  of  tne  specunen. 


TABLE  CCXXV— ALLOY  OP  COPPER  AND  TIN. 

OriginAl  mark:  No. 46.— Material :  Alloy.— Original  miztore:  22.5 Cu, 77.5  Sn.— Analyaia :  22.10 On, 

77.58  Sn.— Dimenaiona:  Length,  2".    Diameter,  0.625''. 


150 
1,000 
2,000 
8,000 
4,000 
5,000 


.0000 
.0028 
.0057 
.0108 
.0227 
Lifted  the 
beam. 


8,S60 

6.519 

9,778 

13,038 

16,297 


.0014 
.0028 
.0061 
.0118 


Broke  by  wedge-shaped  pieoe  eliding  off  the 
specimen  near  the  bottom. 


TABLE  CCXXVI.— ALLOY  OF  COPPER  AND  TIN. 

Original  mark:  Na 47.— Material :   Alloy.— Original  mixtare:  17.5  Ca,82.5  Sn.— Analysis :  16.70  Ca, 

83.23  Sn.— Dimensions :  Length,  2".    Diameter,  0.625''. 


150 
1,0C0 
2,000 
3,000 


.0000 

.0006 

.0051 

Lifted  the 

beam. 


8,259 
6,519 
9,778 


.0003 
.0025 


The  specimen  crashed  by  having  a  wedge-shaped 
piece  slide  oat  at  the  middle. 
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PLATE 


PLATE 
PLATE 
PLATE 


PLATE  L— TB8T8  BT  TRA58yBB8B  t^TBKM. 

Modulns  of  Rapture  in  Poonds. 

Modalas  at  ElMtic  Limit  in  Ponnd* 

Total  Deflection  in  Inches. 
PLATE         II.~Teatb  bt  Texbile  Stress. 

Tensile  Strength  in  Pounds  per  Square  Inch  ot  Original  Seetton. 

Tensile  Streni^h  in  Pounds  per  Square  Inch  of  Fractared  Sectioo. 

Tensile  Strength  at  the  Elastic  Limit. 

Total  Elongation  in  Parts  of  Original  Length. 
PLATE        III.— TK6TS  BT  TousioxAL  Stress. 

Maximum  Torsional  Moment  in  Foot-Pounds. 

Torsional  Moment  at  Elastic  Limit  in  Foot-Pounds. 

Resilience  in  Foot-Pounds. 

Extension  of  Exterior  Fiber  in  Parts  ot  Original  Length. 

IV .— TE8TB  UT  COMPBEflSITX  STRESS. 

Crushing  Strength  in  Pounds  per  Square  Inch. 

Total  (Compression  at  Maximum  Load  in  Parts  of  Original  Length, 
v.— Mean  SrEcinc  Gravitt. 

VI.— Variation  of  Axalyseb  from  Original  CoMPoemoNs. 
VII.— CoMi>ARiBON  OP  Transverse,  Tensile,  Torsion au  and  Comprbssivb  RssisTAHCBa. 

Transverse  Modulus  of  Rupture  in  Pounds. 

Tensile  Strength  in  Pounds  per  Square  Inch  of  Original  Section. 

Crushing  Strength  in  Pounds  per  Square  Inch. 

Maximum  Torsional  Moment  in  Foot-Ponnda. 
PLATE     VIIL— Comparison  of  Transverse,  Tensile,  and  Torsional  Resistances  [Scale  Enlarged]. 

Transverse  Modulus  of  Ruptore  in  Pounds. 

Tensile  Strength  per  Square  Inch  of  Original  Section. 

Maximum  Torsional  Moment  in  Foot-Pounds. 
PLATE         IX  — DucnLmr  as  Shown  by  Tran8\'er8K,  Tensile,  and  Torsion  TEsn. 

Total  transviprse  Deflection  in  Inches. 

Tensile  Elongation  in  Parts  of  Original  Length. 

Torsional  Elongation  of  Exterior  Fib<>r8  in  Parts  of  Original  Length. 
PLATE         X.— Resiuence  under  Transverse  and  Torsional  Stresses. 
PLATE        XI.— Moduli  op  Elasticity  from  Transverse  Tests. 
PLATE      xn.— Specific  Gravity- Authorities  Compared. 

Authorities :  United  States  Board,  Riche,  Mallet,  Calvert  and  Johnaon. 
PLATE     xm.— Tenacity— Althorities  Compared. 

Authorities :  United  States  Board,  Mallet 
PLATE      Xrv.— Heat  and  Electric  Conductivity. 

Hcsat  Condnctivlty — Calvert  and  Johnson. 

EU'Ctric  Conductivity — Matthiessen. 
PLATE       XV.— Hardness,  Malleability,  Ductiuty,  Fusibilitt. 

Order  of  Hardness — ^Mallet,  Calvert  and  Johnson. 

Order  of  Malleahility— Mallet. 

Order  of  Ductility— Mallet 

Order  of  Fusibility— Mallet. 


1 


RECORDS  OF  INDIVIDUAL  TESTS. 

PLATE     XVI.— Deflections  BY  Tbansvebse  Stresses.    First  Series  of  Tests. 
PLATE   XVn.— Deflections  by  Transverse  Stresses.    Second  Series  of  Tests. 
PLATE  XVIII.— Elongations  by  Tensile  Stresses.    First  Series  of  Tests. 
PLATE     XIX.— Elongations  by  Tensile  Stresses.    Second  Series  of  Tests. 
PLATE       XX.— Compressions  BY  Compressive  Stresses.    First  Series  of  Tests. 
PLATE     XXL— COMFBBSSIONB  BT  COMPBSSsrvB  Stresses.    Second  Series  of  Testa. 
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KEY  TO  PLATES  OF  FAC-SIMILE  AUTOGRAPHIC  8TRAIK-DIA GRAMS. 


1 

Knmber  of  plate. 

• 

1 

Vertical  scale  of  toi^ 
sional  moments. 

Equivalent  scale  for  a 
standard  specimen, 
1"  long  X  .625"  diam. 

Foot-ponnds 
I>er  mch  of 
ordinate. 

Constant  for 
friction. 

Foot-poands 
per  inch  of 
ordinate. 

Constant  for 
ft-ictlon. 

1   A 

XXII 

Inehei, 
0.625 

0.970 
0.955 
0.000 
0.960 
0.955 
0.960 
1"  X  l"a 
0.040 
0.045 

0.045 

0.800 
0.940 
0.'922 
0.805 
a626 

At 

U7. 44296 

It 

II 
tt 
tt 
It 
It 
It 
It 
If 
ft 
11 
It 
tt 
It 
II 
It 
i< 
It 
It 
It 
II 
It 
•t 
It 
It 
It 
It 
It 
tl 
It 

42.152 

17.  OU 
II 

II 

11 

It 

It 

II 

42.162 
C   17.011 
{   42.152 

17.  OU 

42.152 

II 

II 

20.18 
II 

It 

II 

It 

It 

It 

It 

It 

It 

It 

tf 

•• 

It 

It 

It 

It 

•• 

t< 

It 

It 

t< 

It 

10.8566 
•1 

•1 

II 

tt 

It 

It 

It 

It 

11 

It 

It 

It 

It 

It 

It 

It 

It 

It 

tt 

tt 

It 

It 

It 

II 

•1 

It 

It 

It 

II 

II 

1.672 

0.675 
II 

II 

•1 

II 
II 
II 

1.672 

0.675 

1.672 

0.675 

1.672 
II 

II 

3.166 
II 

It 

It 

tl 

it 

tl 

It 

it 

It 

It 

It 

It 

tt 

It 

It 

It 

If 

It 

It 

It 

It 

It 

r* 

do 

T> 

. . ..do 

2  A 

do 

B 

XXIII., 

c 

XXIV 

D 

,  .  .  .do ....a.... 

3  A 

XXV 

R 

xxvin 

c 

XXVI 

D 

XXVII 

4  A 

XXVIII 

B 

XXIX 

c 

do 

D 

do 

A 

XXX 

B 

do 

c 

-  ...do 

D 

....do 

6  A 

XXXI : 

B 

, .. .do 

c 

do 

D 

....do 

7  A 

xxxn 

B 

....do 

c 

... .do  ............................ 

D 

. ...do  ............................ 

8  A 

...  do  ............................ 

B 

c 

....do 

D 

9  D 

do 

11.276 
4.768 
5.607 
4.693 
4.768 
4.603 

0.447 

11  A 

do 

0.189 

12  A 

....do 

0. 226 

X3  C 

do 

0.186 

14  D 

.      do 

0.180 

15  B 

0.186 

c 

....do  .......................  .... 

D 

5.000 
12.106 

]  12.106 

5.886 
12.389 
13.194 
14.353 

0.106 

16  A 

....do 

0.484 

Ba 

B6 

.  ...do 

0.484 

0 

0.234 

17  A 

TCXYIY             ,                   .,. 

0.401 

c 

0. 523 

18  A 

....do 

0.569 

c 

D 

.  ...do 

19  A 

B 

.  ...do 

D 

10  A 

do 

B 

....  do  ............................ 

c 

....  do    ..................  .....a.... 

/ 

D 

21  A 

....do 

22  A 

fi 

. ...do 

c 

. . .  do  ............................ 

D 

....do 

23  A 

c 

. ...do  ............................ 

D 

24  A 

. . .  do  .        .           ............ 

•"4 

B 

...do 

C 

XXXVI  

D 

25  A 

xxxvn 

B 

....do 

29  TM 
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Key  to  PLATB0  OF  FAC-SIMILE  AUTOORAPHIC  STRAIN-DIAGRAMS — Continiied. 


M 


27 


90 


91 


82 


84 


85 


86 
87 
88 


40 
41 
42 


48 


44 


46 


46 


C 

D 
A 
B 
C 
D 
A 
B 
O 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
I) 
A 
B 
A 
B 
A 
B 
A 
A 
B 
A 
B 
A 
B 
C 
A 
B 
C 
D 
A 
B 
C 
D 
A 
C 
D 
A 
B 


Kmnber  of  plftta. 


xxxvm.... 

do 

XXXIX 

do 

XL 

— do 

XLI 

do 

XLH 

XLin 

XLIV 

XLV 

XLVI 

XLVII 

XLvni 

XLIX 

L 

LI 

LII 

do 

LIII 

...  do 

LIV 

...  do 

...  do 

...do 

...  do 

LV 

LVI 

— do 

LVII 

— do 

— do    

LVin   

— do  ....*.... 

...  do 

— do 

— do 

— do 

do 

,...do  ...... ... 

, . .  do 

LIX :.... 

— do 

...do 

— do 

— do 

I . . .  do 

— do 

do 

do 

— do 

— do 

— do 

do 

,...do 

....do  ......... 

— do 

do 

do 

LX 

— do 

....do ^ 

do 

— do 

....do 

do 

do 

— do 


0.625 


0.975 
0.080 
0.070 
.975"  X. 970" 
0.976 
0.945 
9.930 
0.935 
0.986 
0.930 
0.925 
0.960 
0.950 
0.070 
a  635 


Tertioal  scale  of  tor- 
aioDBl  momonta. 


0.625 


i» 
tt 
tt 
It 
t« 
ti 
tt 
tt 


117. 44295 
20.18 


tt 
tt 
tt 
tt 
tt 
tt 


100.81 
It 

tt 

It 

II 

tt 

tt 

II 

II 

It 

100.547 

100.81 
tt 

100.547" 

100.81 
II 

(t 

tt 

II 

(I 

It 

It 

It 

It 

42.152 

100.81 

42.152 
tt 

tt 

tt 

It 

It 

it 

tt 

It 

It 

tt 

II 

17.06 

•I 

II 
II 

u 
tl 
II 
•I 
II 
It 
tt 
tt 
«l 


20.18 


tt 
tt 
t« 
11 
It 
It 
II 
It 


10  865 

8.156 


It 
tl 
It 
It 
It 

4 
it 

It 

<t 

tt 

tl 

II 

tt 

tl 

tl 

6 

4 
tt 

6 

4 
II 

tl 

It 

It 

tt 

tt 

tt 

It 


tt 

1.672 

4 
L672 
•\ 
It 
tl 
It 
It 
II 
II 
It 
It 
t( 
ti 

L146 

ti 

It 
•I 
tt 
tl 
tl 
t« 
tt 
«« 
u 
•« 
It 


EqniTBlent  scale  for  a 
standard  specimen, 
1"  Ions  X    


11. 108 
26.150 
11.276 


U.103 
12.196 
12.793 
12.501 
12.591 
12.798 
18.004 
11.630 
12.005 
U.276 


o 


a4404 
L0376 
a  447 


0.44O« 

a484 

0.5074 

0.5 

0.5 

0.5074 

0.616 

0.461 

a  476 

0l447 
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Key  to  plates  of  fac-simile  autographic  strain-diagrahs— Continued. 


1 

Number  of  plftte. 

Vertical  scale  of  tor- 

Equivalent  scale  for  a 
standard     specimen, 
1"  long  X  .625"  diam. 

Nnmher  of  d 

Foot-poonds 
per  inch  of 
ordinate. 

Constant  for 
/Motion. 

Foot-ponnds 
per  inch  of 
ordinate. 

Constant  for 
friction. 

c 

LX 

a826 

II 
II 
11 
11 
11 
•• 

14 

II 

•4 

II 

14 
44 
l« 
II 
41 
II 
II 
11 
II 
II 
II 
II 
44 
II 
11 
44 
44 
44 
41 
11 
II 
44 
41 
It 
44 

17.00 
•1 

II 

II 

'» 
11 

14 
II 
14 
14 
44 
14 
II 
II 
II 
II 
II 
II 

117.44296 

67.86 

117.44295 
•1 

11 

100.81 

II 

II 
11 
II 
II 

14 
41 
II 
11 

17.011 
II 

It 

L146 

II 

II 
II 
II 
II 
11 
II 
11 
II 
II 
II 
11 
II 
11 
11 
II 
II 

10.855 

&442 

10.865 
II 

II 

4 
II 

II 

14 
41 
11 
II 
44 
II 
II 

0.075 
•1 

It 

D 

....do 

47  A 

....do 

B 

. ...do  ..........••....•...•••..... 

c 

....do 

D 

....do 

48  A 

LXT 

B 

....do  ............................ 

c 

* • .  .OO  ....... .«.....A>.m.......... 

D 

....  do  ............*■.■...■.■.•.... 

49  A 

....do 

B 

LXII ,r...., 

c 

. ...do 

D 

Lxm 

50  A 

LXIV 

B 

LXV 

c 

LXVI 

D 

Lxyn 

61  A 

I.YVlIf ,      , 

B 

do 

c 

UCIX 

D 

....do  ............................ 

62  A 

. ...do  ............................ 

B 

l.TT 

D 

...  do 

68  A 

T.XXT    

• 

B 

....do 

c 

....do 

D 

....do 

67  A 

B 

....do 

•  c 

T.XVIM     -X-,- ...... .„,,.„.... 

1} 

. do  ............................ 

68  B 

LXXIV 

...... .w .... 

c 

LXXV 

D 
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SELECTED  PAPEES  ON  THE  METALLIC  ALLOTS. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS, 

[  iQCorporated  1852.  ] 

NOTE  ON  THE  RESISTANCE  OF  MATERIALS, 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.    Read  November  17,1875, 

November  19, 1873,  I  had  the  pleasure  of  presenting  to  the  society  a 
note  (subsequently  published  in  "Transactions"*)  in  which  I  made 
known  the  discovery  of  an  increased  power  of  resisting  stress  which  was 
developed  in  iron  and  steel,  by  their  subjection  to  a  strain  which  pro- 
duced distortion  beyond  the  elastic  limit  and  gave  them  a  set.  This 
was  more  ftilly  considered  in  a  paper  read  April  4, 1874,t  and  the  j)he- 
nomenon  more  thoroughly  examined  in  its  bearings  upon  the  practical 
work  of  the  engineer,  and  the  experimental  researches  by  which  its 
nature  had  been  revealed  were  described.  Subsequently  Commander 
L.  A.  Beardslee,  U.  S.  N.,  discovered  the  same  principle  iudependently 
and  by  a  different  method  of  experiment,  and  since  the  rei)ublication 
of  these  facts  in  foreign  periodicals,  experimenters  in  Europe  have  an- 
nounced the  observation  of  similar  phenomena  under  identical  or  sim- 
ilar conditions. 

The  writer,  since  the  announcement  of  this  important  peculiarity  in 
the  behavior  of  metals,  has  made  a  very  large  number  of  experiments 
upon  irons,  steels,  and  on  various  alloys,  as  well  as  other  simple  metals, 
and  upon  many  qualities  of  each.  The  Mechanical  Laboratory  of  the 
Stevens  Institute  of  Technology  has  been  called  upon  to  test  large  num- 
bers of  specimens  of  commercial  qualities  of  nearly  every  kind  of  metal 
used  as  a  material  of  construction,  and  these  often  furnished  opportuni- 
ties to  pursue  the  investigation.  The  special  work  now  in  progress 
under  the  direction  of  the  United  States  board  recently  appointed  to 
test  iron,  steel,  and  other  metals,  has  been  particulary  useful  in  permit- 
ting the  examination  of  the  behavior  of  the  copper-tin  alloys. 

The  results  of  observation,  so  far  as  the  experience  of  the  writer  has 
now  extended,  may  be  briefly  summarized  as  follows: 

In  iron,  an  elevation  of  the  elastic  limit  very  generally  occurs  under 
stress,  to  a  marked  degree.  It  is  verj^  variable  in  maximum  amount, 
and  in  the  time  required  to  produce  it.  Some  metals  exhibit  it  to  an  al- 
most imi)erceptible  extent  after  long  exposure  to  strain;  other  irons  ex- 
perience a  great  increase  in  their  power  of  resistance  to  stress  within 
the  new  elastic  limit,  and  its  development  may  sometimes  be  the  result 
of  but  a  very  brief  period  of  exposure  to  the  action  of  that  molecular  re- 
arrangement which  seems  to  be  the  cause  of  this  phenomenon.  The 
maximum  increase  noted  by  the  writer  is  about  30  per  cent.,  and  the  time 
required*  for  its  development  has  sometimes  not  exceeded  a  half  min- 

*  LXI.  Note  on  the  Resistance  of  Materials;  R.  H.  Thurston.    Vol.  II,  page  2.'19. 
t  LXXXII.  On  the  Mechanical  Properties  of  Materials  of  Construction ;  R.  U.  Thurs- 
ton.   Vol.  Ill,  page  1. 
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ute;  in  other  cases,  the  elevation  of  the  elastic  limit  has  been  scarcely 
I)erceptible  alter  several  days. 

In  steel,  the  same  variation  in  the  amoant  and  in  the  time  needed  for 
its 'development  has  been  noticed. 

In  the  various  other  metals  and  in  the  alloys,  this  action  has  not  been 
fonnd  to  occur  in  any  case  where  the  material  was  inelastic;  on  the  con- 
trary, it  has  becD  found  that  inelastic  metals — ^particnlarlj- tin  and  metal- 
lic alloys  of  similar  mechanical  properties — ^have,  when  exposed  to  con- 
stant stresses  exceeding  their  so-called  elastic  limits,  gradually  and  con- 
tinuously yielded  by  a  process  of  flow  which,  in  some  instances,  was 
observed  to  proceed  uninterruptedly  for  days  together,  and  would  appar- 
ently have  continued  until  fracture  ensued,  cocdd  the  experiment  have 
been  carried  to  that  extent. 

These  experiments  have  ledthe  writer  to  suppose,  as  intimated  in  the 
paper  referred  to,  that  t1;^e  force  of  cohesion  and  that  force  which  gives 
stability  of  form  to  solids  and  distinguishes  them  from  liquids — a  force 
called  by  Professor  Henry  '^polarity" — are  quite  distinct  modes  of 
molecular  action.  Some  materials,  as  the  stronger  of  the  ductile  metak 
exhibit  great  cohesion,  and  yet  may  flow  under  the  action  of  a  constant 
force,  as  in  the  cases  last  referred  to  above;  while  others — ^for  example, 
over-hardened  steel — may  have  great  polarity,  and  consequently  great 
stability  of  form,  while  exhibiting  a  relatively  low  power  of  cohesion. 

It  is  in  metals  which  belong  to  the  latter  class,  rather  than  in  tbaseof 
the  former  character,  that  the  elevation  of  the  elastic  limit  by  strain  is 
observed.  The  explanation  already  proposed,  that  this  apparent  increase 
of  resisting  powej*  is  really  a  consequence  of  the  relief  of  internal  stresses 
due  to  methods  of  manufacture,  or  to  circumstances  which  have,  by  ex- 
ternal application  of  force,  prevented  such  a  molecular  arrangement  of 
particles  as  would  naturally  take  place,  still  seems  to  the  writer  the  most 
satisfactory  explanation.  The  close  relation  of  this  action  to  that  ob- 
served by  Professor  Johnson  thirty  years  ago,  and  iUustrated  by  the 
process  termed  by  him  ^^thermo-tension,"  has  been  pointed  out  on  a 
former  occasion. 

During  the  two  years  which  have  elapsed  since  the  first  announce- 
ment of  the  phenomenon  of  the  elevation  of  the  elastic  limit  by  strain^ 
a  large  mass  of  valuable  data  has  been  accumulated,  which  may  at  some 
future  time  be  collated.  In  no  case,  in  the  whole  range  of  these  re- 
searches, has  any  indication  been  observed  of  a  reduction  of  resisting 
power  during  the  distortion  of  metal  between— on  the  one  hand — ^the 
passing  of  the  elastic  limit,  and — on  the  other  hand — the  point  at  wliicii 
incipient  rupture  conmiences. 

Conclusions. — The  writer  is  therefore  led  to  conclude  that  the  simple 
extension  or  straining  of  any  member  of  any  metallic  structure  is  not 
a  cause  of  weakness,  except  where  it  produces  an  actual  reduction  of 
section  resisting  rupture,  or  where  it  brings  the  line  of  stress  into  a  new 
direction,  in  which  it  acts  either  with  a  larger  component  of  force  in  the 
former  direction  of  stress,  or,  as  in  the  case  of  a  reflexure  of  the  metal^ 
it  takes  the  material  at  disadvantage  strategetically,  after  a  new  disposi- 
tion of  its  particles  has  taken  place. 

The  conclusion  seems  also  proper,  that  the  elevation  of  the  elastic 
limit  by  strain  can  only  occur  in  metals  which  are  elastic,  and  are  capa- 
ble of  being  placed  in  a  condition  of  reduced  resisting  power  by  internal 
stress  by  artificial  or  external  force. 

Finally,  the  conclusion  has  been  arrived  at,  that  structures  are  not 
weakened  by  stresses  exceeding  the  elastic  resisting  i)ower  of  their  mem- 
bers, whatever  the  material  of  which  they  are  composed;  and  even  when 
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made  of  metals  having  no  elasticity  and  capable  of  yielding,  like  tin,  by 
flow,  unless  such  strains  as  are  produced  are  prodactive  of  actual  molec- 
ular disruption. 


AMERICAN  SOCIETY  OP  CIVIL  ENGINEEES. 

[IncorpoTAted  1852.] 

KOTE  ON  THE  RESISTANCE   OF   MATERIALS,  AS  AFFECTED  BY  FLOW 

AND  BY  RAPIDITY  OF  DISTORTION. 

A  paper  by  Prof.  Robert  H.  ThaistoD,  Member  of  the  Society.    Presented  March  1, 1876. 

The  effect  of  the  "flow  of  metals''  and  of  the  force  of  polarity  de- 
scribed by  Professor  Henry,  in  modifying  their  resistance  to  external 
stress  and  their  strain,  was  alluded  to  by  the  writer  in  preceding  Trans- 
actions, as  follows  :• 

The  Bame  molecular  movement  or  flow  which  rearranges  the  internal  force  and 
relieves  internal  strain  may  be  a  phase  of  that  viscosity  which  Vicat  supposed  might 
in  time  permit  rupture  of  metal  subjected  to  stress  nearly  approaching  its  original 
ultimate  resistance,  the  one  action  being  a  more  immediate  result  than  tne  other,  and 
the  latter  producing  its  effect,  even  when  cohesive  force  may  have  been  actuaUy  in- 
tensified. 

It  was  noted,  however,  that  in  all  cases  in  which  wrought  iron  and 
steel  had  been  subjected  to  stress  exceeding  the  elastic  limit  the  metal 
had  -exhibited  no  tendency  to  flow,  and  that,  in  nearly  every  case  ob- 
served, an  actual  "elevation  of  the  elastic  limit  by  strain"  had  taken 
place.  No  experiment  had  then  been  made  by  the  writer  in  which  the 
same  sample  bad  exhibited  both  the  elevation  of  the  elastic  limit  by 
strain  and  the  phenomenon  of  flow. 

Since  that  time,  when  experimenting  upon  copper,  strain-diagrams 
produced  automatically  have  been  observed  to  exhibit  this  double  effect. 
The  elevation  of  the  elastic  limit  ha^s  occurred  in  the  earlier  part  of  the 
test,  and,  at  a  later  period,  the  strain-diagram  exhibits  flow,  the  metal 
yielding  under  a  gradually  decreasing  stress.  The  progressive  distor- 
tion, which  had  never  been  observed  by  the  writer  in  iron  or  steel,  has, 
since  the  date  of  the  pax>er,  been  frequently  noted  in  other  materials. 
For  example,  the  following  are  a  few  Illustrations :  t 
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*  Same  piece. 


t  Taking  elaaticity  line. 


*  LXXXII.  On  the  Mechanical  Properties  of  Materials  of  Construction.  Vol.  Ill, 
page  13. 

t  Selected  from  the  record  books  of  the  Mechanical  Laboratory  of  the  Stevens  Insti- 
tute of  Technology. 


458 


TESTS   OF  METALS. 


TESTS  BT  TRANSVERSE  STRESS—WITH  DEAD  LOADS. 

Bsmples  1  x  1  x22  Inches. 


1 
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8 

9 

10 

L9 
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90.8 
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U 
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Iday 

1  dav 
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13 

6  minutes 

15  minutes 

30  minutes 

45  minutes 

12  hours 

139 

18 

5minutes 

0.064                  lU 

Metals  having  a  composition  intermediate  between  these  extremes 
have  not  been  observed  to  exhibit  flow  or  to  increase  deflection  under  a 
constant  load. 

Tests  by  tension  with  similar  materials  exhibit  similar  results,  and 
these  observations  and  experiments  thus  seem  to  confirm  the  remarks 
of  the  writer  as  above  quoted,  and  to  indicate  that,  under  some  coodi- 
tions,  the  phenomena  of  flow  and  of  elevation  of  the  elastic  limit  by 
strain  may  be  coexistent,  and  that  progressive  distortion  may  occur 
with  "vis^rous''  metals. 

The  paper  referred  to  enunciated  a  principle  which  had  been  deduced 
from  experiments  on  wrought  iron,  which  is,  if  possible,  of  more  vital 
importance  to  the  engineer  than  the  facts  just  given,  viz:  "That  the 
time  during  which  applied  stress  acts  is  an  important  element  in  deter- 
mining its  effects,  not  only  as  an  element  which. modifies  the  effect  of 
the  vis  viva  of  the  attacking  mass  and  the  action  of  the  inertia  of  the 
piece  attacked,  but  also  as  modifying  seriously  the  conditions  of  pro- 
duction and  relief  of  internal  strain  by  even  simple  stresses."* 

It  was  then  shown,  by  autographic  strain-diagrams,  that  some  mate- 
rials yield  the  more  readily  the  more  rapidly  the  distortion  and  rupture 
are  produced,  their  resistance  varying  in  some  inverse  ratio  with  t^^ 
rapidity  of  change  of  form.  It  was  further  suggested  that  this  action 
might  be  closely  related  to  the  opposite  phenomenon  of  the  elevation  of 
the  elastic  limit  by  strain.  An  explanation  was  offered  in  the  theory 
that,  with  rapid  distortion,  insufiicient  time  is  allowed  for  the  relief  of 
internal  strain  in  materials  capable  of  exhibiting  that  condition.  It  wM 
further  remarked  that  '^  the  most  ductile  substances  may  exhibit  simi- 
lar behavior,  when  fractured  by  shock  or  by  any  suddenly-applied  force* 
to  substances  which  are  comparatively  brittle,"  and  illustrations  were 
given  of  such  behavior,  and  the  precautions  to  be  taken  by  the  engineer, 
in  view  of  tJiis  important  modification  of  the  resistance  of  materials  by 
velocity  of  rupture,  were  stated. 

The  writer  has  continued  his  experimental  researches,  with  occasional 

•  VoL  m,  page  30. 
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interruption,  since  that  time»  and  has  foond  the  above-given  statements 
confirmed,  aod  that  relations  exist  between  these  phenomena  of  strain 
and  the  time  nnder  stress,  which  may  properly  be  stated  here  as  comple- 
mentary of  the  principles  already  published  in  the  two  preceding  notes 
which  have  appeared  in  Transactions.* 

Should  it  be  true,  as  suggested  by  the  writer,  that  the  cause  of  the 
decreased  resistance,  sometimes  observed  with  increased  velocity  of  dis- 
tortion, is  closely  related  to  the  cause  of  the  elevation  of  the  elastic  limit 
by  strain,!  it  would  seem  a  simple  corollary  that  materials  so  inelastic^ 
and  so  viscous  as  to  be  incapable  of  becoming  internally  strained  during  dis- 
tortion^  should  offer  greater  resistaneeto  rapid  than  to  slowly-produced  dis- 
tortion^ in  consequence  of  their  inability  to  <<  flow"  so  rapidly  as  to  reduce 
resistance  by  such  fluxion  at  the  higher  speed,  or  by  correspondingly 
reducing  the  fractured  section.  This  principle  has  been  shown,  by  a 
large  number  of  expi^riments,  to  be  frequently,  if  not  invariably,  the  fact. 
Copper,  tin,  and  other  inelastic  and  ductile  metals  and  alloys  are  found 
to  exhibit  this  behavior,  and  are  therefore  quite  opposite  in  this  respect 
to  ordiuary  wrought  iron  and  worked  steel. 

The  writer  has  noted  the  fsict  that  very  soft  wrought  iron  does  not 
always  exhibit  an  observable  elevation  of  the  elastic  limit  by  strain,  and 
Commander  L.  A .  Beardslee,  U.  S.  N.,|  has  recently  observed  that  the  soft- 
est and  most  ductile  specimen  of  iron  yet  tested  by  him  at  the  Washing- 
ton Navy  Yard  exhibited  a  perceptible  increase  of  resistance  with  a  con- 
siderable increase  of  rapidity  of  extension.  This  metal  was  peculiar  in 
its  softness  and  extreme  extensibility.  All  the  irons  of  commerce  appear 
to  belong  to  the  other  class. 

The  records  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology  frequently  illustrate  the  proposition  that  metals  which  gradu- 
ally yield  under  a  constant  load  offer  increased  resistance  with  increased 
rapidity  of  rupture. 

The  curves  of  deflections  of  a  considerable  number  of  ductile  metals 
and  alloys  are  very  smooth  when  the  time  during  which  each  load  has 
been  left  upon  them  is  the  same;  but  whenever  that  time  has  been  vari- 
able the  curve  has  been  irregular.  Bars  of  such  metals  broken  by  trans- 
verse stress  give  a  greater  resistance  to  rapidly-increasing  stress  than  to 
stress  slowly  intensified.  Two  pieces  of  tin  from  the  same  bar  were 
broken  by  tension,  the  one  rapidly  and  the  other  slowly.  The  first  broke 
under  a  load  of  2,100  and  the  latter  of  1,400  pounds.  The  example  illus- 
trates well  the  very  great  difference  which  is  possible  in  such  cases,  and 
seems  to  the  writer  to  indicate  the  possibility  in  extreme  cases  of  obtain- 
ing results  which  may  be  fatally  deceptive  when  the  time  of  rupture  is 
not  noted. 

The  depression  of  the  elastic  limit  has  been  observed  previously  in 
materials,  but  less  attention  has  been  paid  to  it  than  the  importance  of 
the  phenomenon  would  seem  to  demand.  The  accompanying  plate  ex- 
hibits the  strain-diagrams  produced  by  plotting  the  results  of  experi- 
ments.§  They  are  selected  as  typical  examples,  and  as  representing  the 
two  classes  of  materials  described. 

In  making  the  experiments  the  bar  was  mounted  on  cylindrical  steel 
bearings,  which  were  themselves  supported  on  accurately  planed  level 
surfax^es,  and  the  deflection  was  produced  by  means  of  a  powerful  screw 
and  a  large  hand-wheel.    The  weight  was  measured  by  a  Fairbanks  scale 

•XLI.    Vol.  II.  page  239.    CXV.    Vol.  IV,  page  334.  ~™ 

tTransactionB,  Vol.  Ill,  page  363. 
X  Whose  work  has  been  referred  to  in  earlier  papers. 

$  Made  and  recorded  in  the  Mechanical  Laboratory  of  the  Steyens  Institute  of  Teoh« 
nology. 
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combination,  and  the  deflections  and  sets  by  a  special  measaring  appa- 
ratus* which  reads  to  0.0001  inch,  with  an  error  of  0.000741.  Tonch  is 
indicated  by  a  delicate  Stackpole  leveL  The  measuring  instmment  was 
unaffected  by  the  forces  tending  to  distort  the  straining  apparatus.  The 
deflecting  force  was  adjusted  by  the  scale-beam.  The  bar  being  in  place, 
the  weight  to  be  put  on  it  was  set  off  on  the  scale-beam,  and  the  screw 
was  carefully  turned  until,  by  its  pressure  on  the  middle  of  the  bar,  the 
scale-beam  slowly  rose  and  vibrated  about  the  middle  of  its  range,  which 
point  was  indicated  by  a  pointer  at  the  end  of  the  beam,  traversing  a 
fine-Hue  scale  on  the  frame.  When  the  adjustment  had  become  satis- 
factory the  deflection  was  read  off  and  the  beam  usually  released,  in 
order  that  the  set  might  be  observed.  It  was  then  again  deflected  by  a 
heavier  weight.  Occasionally  the  bar  was  left  thus  strained,  and  with  a 
constant  deflection,  for  a  considerable  period  of  time,  and  the  change  of 
effort  exerted  by  it  noted  at  frequent  intervals.  In  all  such  cases  the 
scale-beam  gradually  drooped,  and  a  decreased  effort  to  effect  restora- 
tion of  form  was  indicated.  When  the  beam  had  fallen,  the  weight  was 
pushed  back  until  the  beam  arose  and  vibrated  about  the  center  line 
again,  and  the  weight  and  time  were  recorded.  This  was  repeated  as 
the  beam  exhibited  less  and  less  loss  of  power  of  restoration,  and  when 
this  decrease  of  effort  no  longer  exhibited  itself  a  new  series  of  deflec- 
tions was  produced. 

The  bar  No.  599,  which  was  quite  ductile,  exhibited  an  unchanged  law 
of  relation  of  amount  of  deflection  to  intensity  of  deflecting  force,  and, 
as  shown  by  the  diagram,  the  curve  representing  its  test  pursued  the 
same  general  direction  after  one  of  these  '^  time-tests"  as  before. 

The  loss  of  effort  at  163  i>ound8  is  seen  to  have  been  about  20  pound& 
the  deflection  amounting  to  0.0347  inch,  and  the  efibrt  falling  from  16^ 
to  143  pounds.  At  403  pounds  the  loss  of  restorative  force  is  about  the 
same;  the  figures  fall  from  403  to  333  pounds,  the  deflection  being  held 
constant  at  0.0886  inch,  again  from  333  to  302  pounds  at  a  deflection  of 
0.0896,  and  still  again  from  1,233  to  1,137  pounds  at  a  deflection  of  0.5209 
inch. 

Before  the  bar,  under  further  deflection,  had  quite  regained  its  original 
resisting  power,  the  "time-test"  wjis  repeated,  the  deflection  amounfingf 
to  0.5456  inch,  and  the  weight  applied  being  1,233  pounds.  The  result 
noted  was  quite  unanticipated.  The  efibrt  steadily  decreased  at  a  vary- 
ing rate,  which  is  indicated  by  the  diagram  of  time  and  loads,  and  the 
bar  finally  snapped  sharply,  and  the  two  halves  fell  upon  the  floor.  The 
effort  had  decreased  to  911  pounds.  The  deflection  was  precisely  what 
it  had  been  under  the  load  of  1,233  pounds.  The  beam  had  balanced  at 
911  pounds  for  about  three  minutes  when  the  fracture  took  place.  An 
assistant  was  sitting  fifteen  or  twenty  feet  from  the  machine  at  the  in- 
stant, but  no  one  had  approached  the  machine  after  the  last  adjustment 
of  the  weight. 

This  is  a  case  without  parallel  in  the  experience  of  the  writer,  audits 
conclusion  indicates  a  possibility  of  depreciation  in  resisting  power  of  the 
class  of  metals  of  which  tin  has  been  taken  as  the  type,  which  deprecia- 
tion, in  the  present  state  of  our  knowledge  of  the  properties  of  snch 
metals  in  this  regard,  it  may  be  safest  to  assume  to  be  a  source  of  danger 
in  some  cases  in  which  the  load  approaches  the  maximum  resisting  power 
of  the  piece.  This  illustrates  the  case  of  progression  of  flow  until  the 
section  most  strained  has  been  weakened  to  the  point  of  actual  molecular 
disruption,  which  disruption  would  seem  to  have  been  here  produced  by 
the  efibrt  of  other  and  less  injured  portions  to  resume  their  origii*^ 

*Made  to  the  order  of  the  writer^  by  Messrs.  Brown  &.  Shorpe. 
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positions,  and  to  straighten  the  two  halves  of  the  bar.  It  would  seem 
that  such  action  should  be  determined  by  flow  occurring  in  a  somewhat 
ductile  but  still  somewhat  elastic  metal. 

The  strain-diagram  of  this  bar  is  seen  to  be  nearly  hyperbolic^  but 
the  law  of  Hooke,  ut  tensio  sic  vis^  holds  good,  as  ususd,  up  to  a  point  at 
which  the  load  is  about  one-half  the  maximum.  The  curve  of  times  and 
loads  exhibits  the  rate  of  loss  of  efibrt  while  the  bar  was  finally  held 
at  a  deflection  of  0.5456  inch,  the  load  being  carefully  and  regularly  re- 
duced as  the  effort  diminished  from  1,233  to  911  pounds,  at  which  latter 
figure  the  bar  broke.  The  curve  is  a  very  smooth  one.  The  following 
is  the  record  of  the  test: 

BAB  No.  599. 
00  parta  Bino»  10  parts  oqpper :  1 X  0.002  X  22  inohea. 


Load. 

Defleetkm. 

Poundt. 

Ineh§9. 

23 

0.0033 

48 

0.0078 

63 

0.0127 

103 

0.0225 

143 

0.031 

188 

0.0347 

Set 


Ineh§t, 


Beaiata 
to  148 

Dce  fell  in  15 
a0347 

8 

163 

0.0801 

208 

0.0471 

248 

0.0544 

283 

0.0611 

823 

0.0002 

0.0038 


JmA. 


Poundt, 

868 

403 

8 

408 


to  333 
8 


BeflectLon. 


Inehet, 
0.0781 
a  0881 


0.0886 


Set. 


Jnehu, 


0.0070 


Beatatance  fell  in  8  h.  80  m. 


0.0886 


0.0886 
Beaiataaoe  fell  in  15  h. 


0.0246 


to  802 

0.0600 

808 

0.0876 

408 

0.1072 

608 

0.1282 

008 

a  1521 

Load. 


Pimndtk 

8 

648 

808 

1,003 

1,108 

1,208 

1,283 


Boileotion. 


Inehst, 


0.1641 

0.2148 

0.3178 

0.8021 

0.481 

a  6200 


Set. 


2ndk«f. 
0.0886 


Reaiatance  fell  in  15  m. 


0.2786 


The  bar  was  left  under  strain  ll'^  22°^  a.  m.,  and  the  effort  to  restore 
itself  measured  at  intervals,  as  follows: 

HOUB.— ll'*  37°»;  IP  50%  a.  m.j  12'*  2™;  12^  8";  12'^  25":  12^  39^*: 
12^  53 J";  12^^  dSi"^'^  V'  20«»,  p.  m. 

Effobt.— l,133j  1,093}  1,070 j  1,063;  1043}.  1,023;  1,003;  993;  911 
pounds. 

At  1^  23""  p.  m.  the  bar  broke. 

An  example  of  somewhat  similar  behavior,  but  exhibited  by  a  metal 
of  very  difiierent  quality,  is  shown  on  the  next  page. 

This  bar  was  hard,  brittle,  and  elastic,  but  must  apparently  be  classed 
with  tin  in  its  behavior  under  either  continued  or  intermitted  stress. 

There  seems  to  the  writer  to  exist  a  distinction,  illustrated  in  these 
cases,  between  that  ^^flow"  which  is  seen  in  these  metals,  and  that  to 
which  has  been  attributed  the  relief  of  internal  stress  and  the  elevation 
of  the  elastic  limit  by  strain  and  with  time. 

This  last  phenomenon — the  exaltation  of  the  elastic  limit  by  strain — 
has  been  observed  very  strikingly  by  the  writer  in  the  deflection  of 
iron  bars  by  transverse  stress.  The  plate  exhibits  the  strain-diagrams 
obtained  by  transverse  deflection  of  4  bars  of  ordinary  merchant  wrought 
iron,  which  were  all  cut  from  the  same  rod.  Of  these,  two  were  tested 
in  the  machine  above  described,  in  which  the  deflection  remains  con- 
stant when  the  machine  is  untouched  while  the  load  gradually  decreased, 
or,  more  properly,  while  the  efifort  of  the  bar  to  regain  its  original  form 
decreases.  The  other  two  were  tested  by  dead  loads,  the  load  remain- 
ing constant  while  the  deflection  may  vary  when  the  apparatus  is  left 
to  itself.    (The  record  is  given  on  pages  11-14.)* 

*  Pages  46SM64  of  this  report. 
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BAR  No.  596. 

75  parts  sino,  25  paitt  oopper ;  aecond  OMtfng;  0.085  X  0.085 X ! 


Load. 

Deflection. 

Set. 

Load. 

Defleotioii. 

Set 

Load. 

Deflectfon. 

Set 

PowMb. 
23 

0.0057 
0. 0142 
0.0207 
0.0275 
0.0346 
0.0414 
0.0485 
0.0549 
0.0610 
0.0600 

JndU.. 

PtnmdM. 
428 
463 
508 
8 
503 

to  480 

8 

488 

IneKe$, 

a  073 

0.0700 

0.0866 

Incks^ 

Pcund$. 

1  to  478 
8 
508 
548 
583 
608 
628 
648 
668 

010808 

/ac** 

63 

a  OIK 

103 

a0604 
0.0058 
0.1012 
a  1042 
0L1075 

a  1102 

A.113C 

143 

0.0014 

183 

0.0806 

223 

datance  fell  in  s  ^-           1 

283 

0.0866 

303 

0.0074 

848 

ILOMA 

883 

S^AiSt^nA*  fjill  in  1 

Sh.  80  m. 

Broke  5  aornnda  afte*  -^ih  inc> 

ingaoand. 

These  two  pairs  of  specimens  were  broken;  one  in  each  set  by  add- 
ing weight  steadily  ontil  the  end  of  the  test,  so  as  to  give  as  little  time 
for  elevation  of  elastic  limits  as  was  possible;  and  one  in  each  set  bj 
intermittent  stress,  observing  sets,  and  the  elevation  of  the  elafitic 
limit. 

If  the  long-known  effects  of  cold-hammering,  coId-roUingy  and  wire- 
drawing in  stiffening,  strengthening,  and  hardening  some  metals  can 
be,  as  the  writer  is  inclined  to  believe,  attributed  in  part  to  this  moleco- 
lar  change,  as  well  as  to  simple  condensation  and  closing  up  of  cavi- 
ties and  pores,  this  exaltation  of  the  elastic  limit  by  distortion  nnd^ 
externally  applied  force  has  now  been  shown  to  occur  in  iron  and  in 
metals  of  that  class  in  tension,  torsion,  compression,  and  under  trans- 
verse strain. 

Eeferring  to  the  plate,  it  will  be  seen  that  there  is  exhibited  the  action 
in  the  latter  case  even  more  fully  and  strikingly  than  in  the  record 
above  given,  and  a  study  of  these  typical  examples  cannot  fail  to  prove 
both  interesting  and  instructive. 

TESTS  OF  WBQUOHT-IRON  BARS  BY  TRAKSYEBSE  STRAIN. 

Samplea  1  Inch  aquare,  28  inchea  long;  22  inohea  between  snpporte. 

Xo.  648.--TBSTEli  IN  !PAIRBAKK8*  MACHD7X. 


Load. 


Poundt. 
103 
203 


Deflection. 


IneKea. 
0. 0132 
0.0244 


Set 


Inehei. 


Beaistanoe  fell  in  13  h.  35  m. 


to 


199 
803 
403 


0.0244 
0.0342 
0.0428 


Beaistance  fell  in  1  h.  30  m. 


to     899 

3 

503 

603 

Beaistance 

to     696 

803 


0.0428 


0. 0528 
0.0610 
fell 
0.0619 
0.0806 


0.0042 


in     4     h. 


to 


Beaiatanoe  fell  in  15  h.  15  m. 


789 
903 
1,003 


0.0806 
0.0907 
0.0995 


Beaiatanoe  fell  in  5  h.  20  m. 


987 
8 

1,203 
8 

1,203 


0.0995 


0.1197 


0.121 


0.0049 


0.0071 


Load. 


Deflection. 


Poundi.       Inehei. 
Beaiatance     fell     in 


Set. 


2     h. 


to  1,187 
8 
1.203 
1,243 
1.283 
1,323 
1,741 
1,911 
1,921 
8 
1,921 


0.121 


0.1226 
0.1266 
0. 1301 
0. 1354 
0.7031 
0.7246 
a  7566 


0. 7746 


0.0096 


0.6746 


Beaiatanoe  fell  in  21  h.  48  m. 


to  1,767 
3 
1,767 
1.981 
1,996 
2,001 
8 
2,001 


0.7746 


0.7726 
0. 7876 
0.8036 
0.8266 


0.8498 


0.6028 


0.6461 


Beaistance  fell  in  21  h.  30  m. 

tol,831    I       0.8408    I 

3     0.6780 


Load. 


Deflioetion. 


Pounds, 
1,831 
2,008 
2,071 
2.061 

3 
2.081 
Beaistance 
to  1, 871 

8 

•  1,911 

2.083 

2.121 

2,131 

8 
2.181 
1,863 
1,403 

8 
1,403 

Beaistance 
tol  387    I 

Beaiataoce 
to  1,361    i 


0.8471 
a  8641 
0.8819 
0.9396 


0.9886 

feU  in  21 

0.9886 


Set 


Jndm- 


a75W 


0.9904 
L0106 
1.0496 
L0911 


a8l4S 


O.WSI 


'd.01* 


0.1522 
fell    in    J    "»• 

0.1822  I 

fellin2h.25.'»- 

0.1522   I 
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TESTS  OF  WEOUGHT-mON  BARS  BY  TRANSVERSE  STRAIN— Continued. 


Load. 


Toundt. 


Defleotion. 


Inehu. 


to 


Be^istance  fell  in  39  h.  5  m. 


Set. 


Inehet. 


1,820 
3 
1,820 
1.408 
1,488 
1.623 
1,563 
1,603 
3 
1,603 


0.1522 


0.1451 

0.1522 

0.16 

0.1647 

0. 1761 

0.2548, 


0.287 


BeslstADce  fell  in 


0.0246 


to  1,457 
3 
1,457 
1,608 
1,708 
8 
1.708 


0.287 


0.1091 
)  h.  8  m. 
6.145i' 


0.2863 
0. 8016 
0.8921 


0.4301 


0.2431 


Reistanoe  fell  in  20  h.  50  m. 


to  1,541 

3 

1,541 


0.430L 
0.4206' 


0.2846 


Resistance  fell  in  47  h.  87  m. 


to  1,860  1.1816 

3     

1, 041  1. 1358 

2, 131  1. 1!»1 

2, 181  1. 1686 

2,201  1.1981 

2, 211  L  2356 

8   

Resistance     fell 

to  1, 997  1. 2356 

3     

2, 001  1. 3016 

2, 211  1. 8326 

2,231  1.8656 

2, 237  1. 8936 

3      

2,241  1.4441 


0.058 


1.0381 
in     9     h. 


Resistance  fell  in  13  h.  50  m. 


to  2,041 
3 
2,041 
2,241 
2,281 
2,801 
2,311 
8 
2,311 


L4441 


1.4421 
1.4631 
1.4821 
L5216 
1.5531 


J.  6166 


L1158 


1.1946 


1.2638 


1.8486 


Resistance  fell  in  8  h.  8  m. 


to  2, 091 
3 


L6166 


1.4181 


Load. 


Pound*. 
2,091 
1,603 
1,711 
1,753 
1,781 


Deflection. 


Inehet. 
1.6166 
0.4346 
0.4456 
0.4513 
0.4661 


Resistance  fell  in  6  h.  8  m. 


Set 


Inehet. 


to  1,661 
8 
1,676 
1,7K7 
1,811 
3 
1,811 


0.4651 


0.4676 
0.4808 
0.5446 


0.5661 


a  3106 


0.8771 


Resistance    fell 
to  1,675    1        0.5661 
Resistance     fell 


in  46  m. 


in  17  h. 


to  1,601 
3 
1,661 
1,801 
1,861 
1,877 
1,891 
8 
1,891 


0.5661 


0.5045 
0.578 
0.5886 
0.6034 
0. 6626 


0.7001 


0.4081 


0.4938 


Resistance     fell     in     10    s. 
to  1,801    I        0.7001 

Resistance    fell 
tol.737    I       0.7001    I 

Resistance  fell  in  5  h.  23  m. 


L 


6     m. 


to  1,721 
3 
2,311 
2,341 
2,351 
'  8 
2.851 


a  7001 

'i.'6466' 
1.6996 
1.7821 


2.0446 


Resistance     fell     in    16    h. 


to  2, 135 
3 
2,135 
2,355 
2,391 
2,411 
3 
2,411 


2.0446 


2.0431 
2.0646 
2.0736 
2.1136 

'2.i45i* 


Resistance  fell  in  8  h.  36  m. 


to2.23H    I 
GradnaUy 
to    8*  I      . 
Gradually 

to  2, 238* 
2,411 
2,401 


0.5406 


L5196 


L8441 


L8964 


2.1451 
ledaced 

•      ••••**| 

increased 
2.1336 
2.1516 
2.1811 


strain 
1.9266 
strain 


Load. 


Poundt. 
2,501 
8 
2.501 


Deflection. 


Inehet. 
2.2121 


1.9(i86 
Resistance  fell  in  14  h.  10  m. 


2  2471 


Set 


Inehtt. 


to  2, 295 

8 
2.295 
2,541 
2,561 

8 
2.561 
Resisi 
to  2. 369 

3 
2,360 
2,651 
2,571 
2,601 

8 
2.691 


2.2471 

2.0331 

2.2456 
2.2762 
2.3102 

2.0763 

2.85  " 

Luoe  fell  in  6  h.  18  m. 

2.85 


2.3587 
2.3782 
2.3854 
2.4287 


2.6044 


2.1402 


2.1952 


Resistance  fell  in  15  h.  4  m. 
to  2, 371 

3 
2,871 
2,591 
2,611 
2,631 

3 
2,631 


2.6044 

2.2842 

2.6022 
2. 6247 
2.5334 
2.5927 

"2.3577" 

2.653 

Resistance  fell  in  8  h.  2  m. 

"2.'4227' 


to  2, 371 

a 

2.871 
2,631 
2,051 
2  661 
3 
2.661 


2.653 


2.6532 
2.6833 
2.6902 
2,7307 


2.4867 
Resistance  fell  in  61  h.  82  m. 

"2*6024' 


to  2, 363 
8 

2,863 
2,685 
2,701 
2,710 
2,720 
'  8 
2,720 


2.^324 


2.8824 


2,8286 

2.8627 

2,871 

2,8917 

2.9297 


2.9602 


Resistance  fell  In  6  h.  48  m. 
to2,483    I        2.9d92 
8     


2.647 


2,7357 


Bar  remoyed :  test  ended. 


*  Gradually  reduced  strain  to  8  pounds,  taking  a  number  of  readings ;  then  ^rradually  increased  it  to 
2,238  pounds,  taking  readings  corresponding  to  former  ones;  found  tm^  increase  of  deflection  was  pro- 
portional to  increase  of  load. 

No.  649.— TESTED  IN  FAIRBANKS'  HACHINB. 


Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection; 

Load. 

Deflection. 

Poundt. 

Inehet. 

Poundt. 

Inehet. 

Poundt. 

Inehet. 

Potendt. 

Inehet. 

103 

0. 0130 

000 

0.0880 

1,462 

0.1505 

In  2|  m.  was  0.3629 

200 

0.0238 

1,000 

0.0982 

1,480 

0.1S60 

1, 620           0. 3704 

800 

0.0328 

1,100 

0. 1081 

1,500 

0.1619 

1, 640            0. 3881 

405 

0. 04>5 

1,200 

0. 1171 

1,520 

0.1709 

In  6    m.  was  0.4404 

500 

0.0519 

1,300 

0.1279 

1,540 

0. 1804 

1,660 

0.4479 

600 

0.0602 

1,400 

0. 1308 

1,560 

0.2078 

51.680 

0.4500 

700 

0.0689 
0.0787 

1,420 
1,442 

0.1435 
0. 1472 

1,580 
al,600 

0.2429 
0.2854 

800 

2,350 

6.577 

a  At  1,600  pounds  the  beam  savik  instantly;  ran  tbe  pressure-screw  down  so  as  to  keep  the  beam  bal- 
anced  for  2}  m..  with  increase  of  deflection  as  noted. 

b  At  1,680,  ran  pressure-screw  rapidly  but  steadily  down,  moving  the  poise  along  the  beam  to  keep  it 
balanced.  The  beam  vibrated  up  and  down,  falling  or  rising  instantly  as  tbe  wheel  was  turned  slower 
or  &8ter.    The  resistance  reached  a  maximum  of  2,850  pounds,  when  the  deflection  wae  6.677  inches. 
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No.  660.~TBSTBD  BY  DEAD  LOADa 


Loftd. 

Deflection. 

L<Md. 

Deflection. 

Load. 

Deflectkm. 

iKMd. 

DefleetioB. 

Foundt. 
100 
200 

JnehM. 
•0. 015 
0.0220 

Poundi. 
400 
000 

In^eg. 
a  0435 
a0688 

Povnd9, 
800 

i,aoo 

Jn^e$. 
0.0858 
0.1456 

PoundM. 

1,409 

el,  500 

Indkn. 

4LI740 
012143 

e  At  1,826,  the  reading  was  not  taken.  Weights  as  follows  were  rapidly  added,  4  or  5  pl«ee»  eaeh 
ninate,  as  follows :  82,  25,  42,  15,  16, 10, 15.5,  16. 25, 25|  25, 13, 11, 6, 16.27. 62, 40.^  61, 45,  02=^2,200.5  pooub. 
The  bar  sank  rspidly,  its  side  pressure  splitting  the  wood  which  confined  the  mandrels.  The  mi 
measured  after  tne  bar  was  removed,  2.5  inches.  The  total  deflection  is  calculated  as  follows:  the 
elasticity  of  the  bar  remaining  the  sam&  the  increase  of  deflection  orer  set  is  directly  proftortaanal  ta 
the  loaa.  (This  is  shown  by  the  parallelism  of  the  elasticity  lines  with  the  otiipinalune'Withia  the 
elastic  limit.)  Thus,  at  800  pounds  the  set  was  inappreciable,  deflection  0.0858;  whence  880:  0.0838:: 
2,260:  0.242  diiferenoe  of  deflection  and  set;  set  was  2.5,  hence  calculated  defleetkm  2.742 

No.  601.— TESTED  BY  DEAD  LOADS. 


Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Defleotioin. 

Load. 

.Deflectha. 

Paundt. 

Inehst. 

P<mnd». 

Inchs9, 

Poundt. 

Inehet. 

Pounds. 

InAn. 

100 

0.0158 

In  5  h.  4  6m.  was  0.6506 

In48h.80m.was  1.9245 

2,452 

3.0732 

200 

0.0275 

1,700    i         0,67 

2, 222              1. 9370 

2.484 

s.»8ia 

400 

0.0480 

In  3  m.  was       0. 6716 

2.288              2.1386 

In80h.40m.        4w2Sdl 

600 

0.0709 

In  16  h.  Wi 

M      0. 7615 

In  12  m.  was     2. 9535 

In  43  h.  ^  1 

m.        4.25»1 

803 

0.0018 

1,800 

0.771 

2,266    1         2.9928 

2,513 

4.2SS 

1,000 

0.  il41 

1,900 

L0904 

In  17  m.  was       3. 0157 

2,556 

4.267 

1,210 

0.13M 

In  3  h.  15  m.  was  L  8567 

In  3  h.  37m.  wasa  0236 

In  4  h.  20 

m.        4.2749 

1.400 

0. 1701 

In45h.45m.  was  1.8709 

2,288 

3.0:9 

2.589     1 

4.274S 

1,600 

0.2465 

2,005    i         L8787 

2,360 

8.0426 

Ip  48  h.  wi 

ks        4.^1 

In  8  m.  wai 

1         0.4307 

In  3  h.  was        1. 8819 

2,370 

3.0433 

In  61  h.  30  m.  was  4. 6?til 

1,600 

0.489 

2,052 

1.8886 

In25h.15m.was  3. 0677    | 

Weight* 

1        i«acb«d 

In  6  m.  wai 

1         a6504 

2,115 

1.8821 

2,422 

8.0701 

support, 
ended. 

Teat     was 

The  strain-diagrams  exhibited  in  the  plate  do  not  present  to  the  eye 
one  of  the  most  important  distinctions  between  the  two  classes  of 
metals.  As  seen  by  stndy  of  these  diagrams,  both  classes,  when  strained 
by  flexure,  gradually  exhibit  less  and  less  effort  to  restore  th^nselres 
to  their  original  form. 

In  the  case  of  the  tin-class,  this  loss  of  straightening  power  seems 
often  to  continue  indeflnitely,  and,  as  in  one  example  here  illustrated, 
even  until  fracture  occurs. 

With  iron  and  the  class  of  which  that  metal  is  typical  this  reduction 
of  effort  becomes  gradually  less  and  less  rapid,  and  finally  reaches  a 
limit  after  attaining  which  the  bar  is  found  to  have  become  strength- 
ened, and  the  elastic  limit  to  have  become  elevated.  In  this  respect, 
the  two  classes  are  affected  by  time  of  strain  in  precisely  opx)Osite  waya 

The  plate  exhibits,  even  better  than  the  reconi,  the  superior  ultimate 
resistance  of  the  bars  which  have  been  intermittently  strained,  as  well 
as  the  elevation  of  the  elastic  limit.  This  parallelism  of  the  "elasticity 
lines  ^  6l>tained  in  taking  sets  shows  that  the  modulus  of  elasticity  is 
unaffected  by  the  causes  of  elevation  of  the  elastic  limit. 

Evidence  appealing  directly  to  the  senses  has  been  presented  in  the 
course  of  experiment  on  the  second  class  of  metals  of  the  intra-molec- 
ular  flow.  When  a  bar  of  tin  is  bent,  it  emits  while  bending  the  pecu- 
liar crackling  sound  familiarly  known  as  the  "cry  of  tin."  This  sound 
has  not  been  observed  hitherto,  so  far  as  the  writer  is  aware,  when  a  bar 
has  been  held  flexed  and  perfectly  still.  In  several  cases  recently,  in 
experiments  on  flexure*  of  metals  of  the  second  class,  bars  held  at  a  con- 
stant deflection  have  emitted  such  sounds  hour  after  hour,  while  taking 
set  and  losing  their  power  of  restoration  of  shape. 

*Made  in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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Daring  some  of  the  ex}>eriinents  made,  a  very  marked  illustration  of 
the  decrease  of  set  with  time,  which  has  been  observed  and  described  by 
Prof.  W.  A.  Norton,  has  been  noted,  and  the  recovery  of  straightening 
power  in  the  deflected  bar  has  sometimes  been  stiikingly  large,  amount- 
ing to  nearly  30  pounds  in  15  minutes.    A  record  of  one  of  these  bars  is — 


BAR  No.  563. 


17.6  parte  copper,  82.5  puts  tin ;  0. 086X0. 083x22  inches. 

Load. 

Deflection. 

Set 

Load. 

Deflection. 

Set. 

Load. 

Deflection. 

Set. 

Poundt. 
10 

Inehei. 
0.0027 
0.007 
0.0158 
0.0256 
0.0965 
0.04i» 

Inehtt, 

Poundt, 
140 
180 
200 
5 
200 
240 
280 

Inehei. 
0.0804 
0.1843 
0.1666 

Inehii. 

Poundi. 
800 
5 

1 
ineha. 
0.4597 

Ineha. 

20 

0.3084 

40 

Set  deoreaAed  in  2  h. 
20  m. 

\  0.2845 

60 

0.0621 

80 

0.1798 
0.2508 
0.3762 

to  800 
310 

0.5332 

100 

Bar  broke  in  p  tting 
on  strain^ 

5 

0.0092 

» 

After  300  pounds  had  been  placed  on  the  bar,  and  the  reading  taken, 
the  screw  was  run  back  till  the  beam  just  balanced  at  5  pounds,  the 
pressure-block  attached  to  the  screw  barely  touching  the  bar.  The 
set  was  then  read,  as  above,  0.3084  inch,  the  beam  slowly  rising.  The 
pressure-screw  was  tlien  run  back  till  beam  again  balanced  at  5  x>ounds, 
and  the  set  measured  0.3022  inch;  the  time  was  2  minutes.  The 
beam  again  rose,  i>oise  on  beam  was  pushed  forward  and  balanced  at 
10  pounds  ]  the  time  was  2  minutes.  In  two  minutes  more  beam  balanced 
at  14  pounds.  The  pressure-screw  was  again  run  back  till  beam  balanced 
at  5  pounds,  and  the  set  measured  0.2998  inch.  The  beam  rose  again 
at  11  hours  37  minutes,  a.  m.  In  2  minutes  it  balanced  at  iO  pounds,  ia 
IP  minutes  at  16  pounds,  and  in  29  minutes  at  23  pounds.  The  beam 
was  again  balanced  at  5  pounds,  set  measured  0.2902  inch.  The  beam 
rose  in  4  minute^s.  In  29  minutes  the  beam  balanced  at  14  pounds,  and 
in  65  minutes  more  it  balanced  at  20  pounds.  The  beam  was  again  bal- 
anced at  5  pounds,  and  the  set  measured  0.2845  inch.  The  total  decrease 
of  set  in  2  hours  20  minutes  was  0.3084—0.2845=0.0239  inch.  Then  re- 
placed  300  pounds,  and  read  deflection  0.5332  inch;  increased  the  press- 
ure, but  the  l^ar  broke  before  310  pounds  was  reached. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 

THE  RATE  OP  SET  OF  METALS  SUBJECTED  TO  STRAIN  FOR  CONSIDER. 

ABLE  PERIODS  OF  TIME. 

A  paper  by  Prof.  Robert  H.  Thurston,  Member  of  the  Society.    Read  December  6, 1876. 

Section  !.• — On  the  observed  decrease  of  resistance  at  a  fixed  distor- 
tion,— ^The  writer  has,  in  a  preceding  paper,t  shown  by  reference  to  ex- 
perimental researches  in  which  he  had  then  engaged,  that  some  classes 
of  metals,  as  ordinary  iron  and  steel,  when  subjected  to  strain  and  distor- 

•  Prepared  July,  1876. 

t  CXXIII.  Note  on  the  resigtanoe  of  materials  as  affected  by  flow,  and  by  rapidity  of 
distortion,  vol.  v,  page  199:  also  *'Van  Nostrand's  Engineering  Magazine,"  September, 
1876,  and  "Engineering"  (London),  December  29,  16/6, 
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tion  by  a  force  exceeding  the  resistance  of  the  material  within  tbe  elastic 
limit,  take  a  set  and  are  stiffened  by  that  act,  and  exhibit  an  exaltation  of 
the  elastic  limit.  It  was  also  shown  that  other  classes,  like  tin  and  simi- 
larly viscous  and  ductile  materials,  exhibit  flow  and  a  depression  of  their 
limits  of  elasticity  when  similarly  treated.*  It  was  farther  shown  that 
the  former  class,  when  subjected  to  loads  even  approaching  their  ultimate 
strength,  took  a  certain  set  and  remained  apparently  indefinitely  with- 
out further  distortion;  while  the  second  class,  under  very  moderate 
loads,  frequently  exhibited  a  gradual  yielding,  a  progressive  distortion^ 
until  Aucture  took  place,  sometimes  under  stresses  which  were  but  a 
fraction  of  those  which  were  found  required  to  break  such  metals  quickly, 
and  when  time  was  not  allowed  for  flow  to  occur.  It  was  noted  that 
increase  of  rapidity  of  distortion  and  fracture  produced  increase  of  re- 
sistance in  the  latter,  or  ^^tin  class,"  and  decrease  of  resisting  power  in 
the  first,  or  "iron  class,"  and  vice  versa. 

The  writer  has  since  instituted  experiments  upon  metals  of  both  classes 
to  determine  how  rapidly  set,  in  each  class,  took  place;  the  earlier  ex- 
periment just  referred  to  having  confirmed  a  suspicion  long  existing 
among  engineers  and  experimentalists  that  the  phenomenon  was  a  mole- 
cular change  as  well  a«  of  the  mass,  and  that  time  was  required  for  its 
complete  development.  Professor  Norton  has  also  shown  by  experiment 
that  this  set  is  partially  temporary,  the  bar  relieving  itself  of  distortion 
in  some  degree  on  removal  of  the  load.  Both  that  experimen  ter  and  the 
writer  had  detected  some  peculiar  variations  of  form  during  this  recov- 
ery, and  the  experiments  of  the  latter,  as  detailed  in  the  preceding  pnper< 
eidiibited  at  times  a  gradual  recovery  of  straightening  i)ower  in  a  contined 
and  flexed  bar.  The  following  will  be  found  interesting,  and  perhaps 
important,  as  showing  how  these  molecular  changes  progress: 

Bars  were  prepared  of  square  section,  1  inch  in  breadth  and  depth, 
:and  22  inches  in  length  between  bearings.  They  were  flexed  in  a  machiu<:t 
for  testing  the  resistance  of  materials  to  transverse  stress,  as  descriM 
in  the  preceding  paper,  and  the  load  antl  deflection  carefully  measured. 
As  the  bars  were  retained  at  a  constant  deflection,  their  effort  to  resnme 
their  original  form  gradnally  decreased,  and  the  amount  of  this  effort. 
was  from  time  to  time  noted.  When  this  effort  or  resistance  had  be- 
come considerably  decreased,  the  bar  was  released  and  the  set  measored- 
Thi?  operation  was  repeated  with  each,  until  the  law  of  decrease  of 
elastic  resistance  was  detected.  Curves  were  constructefl,  illustrating 
graphically  this  law,  and  exhibiting  it  more  sati^actorUy  and  more 
plainly  than  the  tabular  record. 

The  following  is  the  record  for  the  bars  of  iron,  of  tin,  and  of  two  alloys: 
The  iron  bar  No.  048  was  subjected  to  a  load  of  1,003  pounds,  somewhat 
less  than  one-half  its  maximum,  and  its  deflection  was  found  to  be  0.090o 
inch.  Removing  the  load,  the  set  was  0.0049  inch.  Restoring  the  load 
(ijOOO  pounds,  +  3  pounds  due  to  the  weig"ht  of  the  bar),  the  deflection 
was  0.1001  inch,  and  the  bar  was  held  at  this  deflection  and  the  decrease 
of  resistance  observed.  In  25  minutes  it  had  become  999  x>ouuds^  in  1 
hour  40  minutes,  991  pounds;  in  4  hours  35  minutes,  987  pounds;  and  in 
5  hours  20  minutes,  987  pounds.  The  set  was  then  found  to  be  0.007 
inch  under  the  weight  of  the  bar  itself. 

Eestoring  the  last-observed  load,  the  deflection  was  0.0991.  inch,  and 
the  original  load  of  1,003  pounds  increased  it  to  0.1003  inch. 

A  second  trial  of  the  same  bar  under  a  load  of  1,603  pounds  gave  a 

*Mr.  £.  H.  Hewins  has  informed  the  writer  sinoe  the  pablication  of  that  ^l^^ 
that  he  has  detected  simultaneous  ''flow  " and  ''exaltation  of  the  elastic  limit''  in  iroQ- 
t  Built  for  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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deflection  of  0.2648  inch,  and  a  set,  on  removal,  of  0.1091  inch.  Re- 
storing the  load,  the  deflection  became  0.287  indi,  and  the  resistance  to 
flexion  decreased  in  6  hours  3  minutes  from  1,603  to  1,575  pounds,  at 
which  latter  time  the  set  was  found  to  be  0.14^1  inch.  Eestoring  the 
load  of  1.457  pounds,  the  deflection  was  0.2863  inch,  and  the  originnl 
load,  1,603  pounds  being  brought  upon  it,  its  deflection  increased  to 
0.3016  inch,  an  increase  nearly  20  per  cent- above  the  original  deflection. 

In  the  first  trial  the  loss  of  stifihess,  as  measured  by  the  decrease  of 
effort  to  straighten  itself,and  which  is  here  taken  to  measure  the  rate  of 
set,  is  seen  to  have  been  nearly  proportional  to  the  time  at  first,  becoming 
constant  after  4}  hours.  On  the  second  trial,  after  a  considerable  set, 
produced  by  a  heavy  load,  the  set  became  constant  after  about  one  hour, 
and  so  remained  to  the  end  of  the  trial. 

No.  665  was  a  bar  of  Queensland  tin,  received*  from  the  Commisioner 
of  that  country  at  the  Centennial  Exhibition,  and  which  was  found  to 
be  remarkably  pure.  A  load  of  109  pounds  gave  a  deflection  of  0.2109 
inch,  and  produced  a  set  of  0.1753  inch.  The  same  load  restored  de- 
flected the  bar  0.2416  inch,  which  deflection  being  retained,  the  eflbrt  to 
regain  the  original  shape  decreased  in  one  minute  from  100  to  70  pounds, 
in  3  minutes  to  62,  and  in  8  minutes  to  66  pounds.  The  original  load  of 
100  pounds  then  brought  the  deflection  to  0.3033  inch,  nearly  50  per  cent, 
more  than  at  first. 

A  bar,  No.  599,  of  copper-zinc  alloy,  similiarly  tested,  deflected  0.5209 
inch  under  1,233  pounds,  and  took  a  set  of  0.2736  inch  after  being  held 
at  that  deflection  15  minutes,  the  eflbrt  falling  meantime  to  1,137  pounds. 
Bestoring  the  load  of  1,137  pounds,  the  deflection  became  0.5131  inch, 
and  the  original  load  of  1,233  pounds  brought  it  to  0.5456  inch.  The 
bar  was  now  held  at  this  deflection  and  the  set  gradually  took  place, 
the  eflbrt  falling  in  16  minutes  to  1,133  pounds  (4  per  cent,  more  than 
at  the  first  observation),  in  22  minutes  to  1,093,  in  46  minutes  to  1,063, 
in  63  minutes  to  1,043,  in  91^  minutes  to  1,003,  and  in  118  minutes  to  911 
pounds,  at  which  last  strain  the  bar  broke  3  minutes  later,  the  defleC' 
tion  remaining  unchanged  up  to  the  instant  of  fracture.  This  remarka- 
ble case  has  already  b^n  referred  to  in  an  earlier  paper,t  when  treating 
of  the  eflect  of  time  in  producing  variation  of  resistance  and  of  the  elas- 
tic limit. 

Kos.  561,  copper-tin,  and  612,  copper-zinc,  were  compositions  which 
behaved  quite  similarly  to  the  iron  bar  at  its  first  trial,  the  set  appar- 
ently becoming  nearly  complete  in  the  first  after  1  hour,  and  in  the  sec- 
ond after  3  or  4  hours. 

In  all  of  these  metals,  the  set  and  the  loss  of  eflbrt  to  resume  the 
original  form  were  phenomena  requiring  time  for  their  progress,  and  in 
aU,  except  in  the  case  of  No.  599 — which  was  loaded  heavily — ^the  change 
gradually  became  less  and  less  rapid,  tending  constantly  toward  a 
maximum. 

So  far  as  the  observation  of  the  writer  has  yet  extended,  the  latter  is 
always  the  case  under  light  loads.  As  heavier  loads  are  added,  and  the 
maximum  resistance  of  the  material  is  approached,  the  change  continues 
to  progress  longer,  and,  as  in  the  case  of  the  brass  above  described,  it 
may  progress  so  far  as  to  produce  rupture,  when  the  load  becomes  heavy, 
if  the  metal  does  not  belong  to  the  ^^  iron  class."  The  brass  broke  under 
a  stress  25  per  cent,  less  than  it  had  actually  sustained  previously. 

There  is  no  evidence  that  iron  or  steel  ever  exhibits  this  treacherous 
and  exceedingly  dangerous  behavior;  but,  on  the  contrary,  it  seems 

*By  the  Mechanical  Laboratory  of  the  Stevens  Inatitato  of  Technology, 
t  Vol.  V,  page  205. 
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always  to  carry  a  load,  once  borne,  however  near  the  maximnm  it  may 
he.  This  difference  is  here  quite  as  marked  as  in  the  experiments  pre- 
viously reported  upon  the  elevation  and  the  depression  of  the  elastic 
limit  by  strain ;  and  no  one  can  fail  to  note  the  value  in  constmction  ci 
this  quality  of  that  metal  which  is  the  chief  reliance  of  the  engineer  in 
nearly  every  branch  of  his  art.  These  principles  will  find  namberless 
ap)>lications  in  the  practice  of  every  member  of  the  profession. 

The  records  are  herewith  presented^  and  the  curves  representing  them 
shown  in  the  Plate. 


RECORDS  OF  EXPERIMENTS  ON  RATE  OF  SET  OR  DECREASE  OF  RESIST- 
ANCE AND  INCREASE  OF  SET  OF  METALS,  WITH  TIME. 

Ban  1  inch  aqnare ;  22  inches  between  anpporU. 


Ttane. 


Load. 


lioaa  of 
load. 


Deflection. 


No.  648.— Wbouoht  mos. 


Set 


JfinwlM. 


25 
100 
276 
320 
320 
322 
322 


Pottnds, 

1,003 
3 

1,003 
099 
991 
987 
987 
3 
987 

1,003 

2,720 


Firtt  trial. 


Poundt, 


4 

12 
16 
16 


Ifuihtt. 

.  0.0993 


0.1001 
0.1001 
0.1001 
0.1001 
0.1001 


0.0910 
0.1003 
2.0400 


Iiuihe». 


Time. 


Jflmilet. 


a0049 


0.007 


StwndtriaL 


11,003    I I       2.2548    | 

No.  561.— 27.5  PABTS  COPPEB,  72.5  PARTS  TIH. 


1 

8 
2,640 
4,140 


160 
5 
160 
154 
150 
104 
100 
5 
100 
160 
320 

0.0696 

0.072 
0.072 
0.072 
0.072 
0.072 

6 
10 
56 
60 

0.07<f^ 
0.0970 
0.2200 

0.0145 


1 

2 

3 

23 

53 

183 

193 

863 

368 


0.04 
Broke. 


No.  509.— 10  PABT8  COPPKR,  90  FABTB  ZDCa 


15 


15 

28 

40 

46 

63 

77.5 

91.5 


1,233 
1,137 
8 
1,137 
1,233 
1,133 
1,093 
1,070 
1.063 
1,043 
1,023 
1,003 


100 
140 
103 
170 
190 
210 
230 


0.5209 
0.5209 


0. 5131 
0.5456 
0.5456 
0.5456 
0. 5456 
0.5156 
0.5456 
0.5456 
0.5456 


0.2736 


96.5 
118 
121 


LoAd. 


PmmdM, 

3 
1,608 
1,521 
1,493 
1,483 
1,463 
1,461 
1,450 
1,457 
1,457 
8 
1,457 
1,603 
2,720 


993 
911 
911 


of 


load. 


Poundff. 


82 
110 
120 
140 
142 
144 
146 
146 


240 
322 
826 


JtHCSnCv* 


a287 
0.287 
0.287 
0L287 
0.287 
0.287 
0.287 
0.287 
0.287 


Ol 

o.aoi« 

2.6400 


a5456 


0L1091 


0.14S1 


No.  612.-^7.5  PARTS  OOPPBB,  52.5  PABIB  zorc 


5 
25 

120 

480 

1,230 


800 

0.3332 

8 

Ol  1478 

800 

0.8366 
0.3366 

790 

10 

778 

22 

0.3366 

768 

84 

0.S366 

756 

44 

0.3360 

751 

48 

O.80O6 

8 

Q.18S8 

751 

0.8364 
0.3490 

800 

1.100 

Broke! 

No.  66&^usKirB[.Ain>  tin. 


1 
8 
8 


100 
3 

100 
70 
62 
58 

100 

150 


80 
88 
44 


0.2100 


0.2415 
a  2415 
0. 2415 
0.241S 
0.3033 
Bent  rapid 


0.17S3 


Section  II*. — The  observed  increase  of  deflection  under  static  load. — In 
'the  preceding  section  the  writer  presented  results  of  an  investigation 
madet  to  determine  the  time  required  to  produce  "sef  in  metals  be- 
longing to  the  two  typical  classes,  which  exhibit,  the  one  an  exaltation 
and  the  other  a  depression  of  the  elastic  limit  under  strain. 

•Prepared  November,  1876. 

tin  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology. 
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The  exi)eriment8  there  described  were  made  by  means  of  a  testing 
machine,  in  which  the  test-piece  conld  be  securely  held  at  a  given  degree 
of  distortion,  and  its  effort  to  recover  its  form  measured  at  intervals, 
until  the  progressive  loss  of  effort  could  no  longer  be  detected,  and  until 
it  was  thus  indicated  that  set  had  become  complete. 

The  deductions  were: 

That  in  metals  of  all  classes  under  light  loads  this  decrease  of  effort 
and  rate  of  set  become  less  and  less  noticeable  until,  after  some  time, 
no  further  change  can  be  observed,  and  the  set  is  permanent. 

That  in  metals  of  the  '^  tin  class."  or  those  which  had  been  found  to 
exhibit  a  depression  of  the  elastic  limit  with  strain,  a  heavy  load,  t.  e., 
a  load  considerably  exceeding  the  proof  strain,  the  loss  of  effort  con- 
tinued until,  before  the  set  had  become  complete,  the  test-piece  yielded 
entirely. 

And  that  in  the  metals  of  the  '^  iron  class,"  or  those  exhibiting  an  ele- 
vation of  elastic  limit  by  strain,  the  set  became  a  maximum  and  perma- 
nent, and  the  test-piece  remained  unbroken,  no  matter  how  near  the 
maximum  load  tiie  strain  may  have  been. 

The  experiments  here  described  were  conducted  with  the  same  object 
as  those  above  referred  to.  In  these  experiments,  however,  the  load, 
instead  of  the  distortion,  was  made  constant,  and  deflection  was  allowed 
to  progress,  its  rate  being  observed,  until  the  test-piece  either  broke 
under  the  load  or  rapidly  yielded,  or  until  a  permanent  set  was  pro- 
duced. It  will  be  seen  that  the  results  of  these  experiments  are  in  strik- 
ing accordance  with  those  conducted  in  the  manner  previously  described. 
They  exhibit  the  fact  of  a  gradusQly-changing  rate  of  set  for  the  several 
cases  of  light  or  heavy  los^s,  and  illustrate  the  striking  and  important 
distinctions  between  the  two  classes  of  metals  even  more  plainly  than 
the  preceding.  The  accompanying  record  and  the  strain-diagrams, 
which  are  its  graphical  representation,  will  assist  the  reader  in  com- 
prehending the  method  of  research  and  its  results.  All  test-pieces 
were  of  one-inch  square  section,  and  loaded  at  the  middle.  The  bear- 
ings were  22  inches  apart. 

No.  651  was  of  wrought  iron  from  the  same  bar  with  l^o.  648,  already 
described.*  This  specimen  subsequently  gave  way  under  a  load  of  2,5S7 
pounds.  Its  rate  of  set  was  determined  at  about  60  per  cent,  of  its  ulti- 
mate resistance,  or  at  1,600  pounds.  Its  deflection,  starting  at  0.489 
inch,  increased  in  the  first  minute  0.1047 }  in  the  second  minute,  0.026; 
in  the  third  minute,  0.0125;  in  the  fourth  minute,  0.0088 ;  in  tiie  fifth 
minute,  0.0063 ;  and  in  the  sixth  minute,  0.0031  inch ;  the  total  deflections 
being  0.5937,  0.6197,  0.6322,  0.641,  0.6473,  and  0.6504  inch.  In  the  suc- 
ceeding 10  minutes  the  deflection  only  increased  0.0094  inch,  or  to  0.6598 
inch,  and  remained  at  that  point  without  increasing  so  much  as  0.0001 
inch,  although  the  load  was  allowed  to  remain  344  minutes  untouched. 
The  bar  had  evidently  taken  a  permanent  set,  and  it  seems  to  the 
writer  probable  that  it  would  have  remained  at  that  deflection  indefi- 
nitely, and  have  been  perfectly  free  from  liability  to  fracture  for  any 
length  of  time. 

This  bar  finally  yielded  completely,  under  a  load  of  2,589  pounds,  de- 
flecting 4.67  inches. 

Ko.  479  was  a  copper  bar  containing  3|  per  cent,  of  tin.  Its  behavior 
may  be  taken  as  typical  of  that  of  the  whole  ^^  tin  class  "  of  metals,  as 
the  preceding  illustrates  the  behavior  of  the  ^^  iron  class"  under  heavy 
loads.  It  was  subjected  to  two  trials,  the  one  under  a  load  of  700  and 
the  other  of  1,000  pounds,  and  broke  under  the  latter  load,  after  having 

•  Vol.  V,  page  208. 
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8nstaine<l  it  1^  hours.  The  behavior  of  this  bar  will  be  oonsideml 
especially  interesting,  if  it6  record  and  Htrain-diagram  are  cooQipared  with 
tliose  of  No.  5d9,  previously  given,  which  latter  specimen  broke  after 
121  minutes,  when  held  at  a  constant  deflection  of  0.5456  inch;  its  re- 
sistance gradually  falling  from  an  initial  amount  of  1,233  poouds,  to  911 
pounds  at  the  instant  before  breaking. 

This  bar,  No.  470,  was  loadtKl  with  700  pounds  ^^  dead  weight,"  and 
at  once  deflected  0.441  inch.  The  deflection  increased  0.118  inch  in  the 
nrst  five  minutes,  0.024  in  the  second  five  minutes,  0.018  in  the  second  10 
minutes,  0.17  in  the  fourth,  0.012  in  the  fifth,  and  0.008  inch  in  the  sixth 
10-minute  period,  the  total  set  increasing  from  0.441  to  0.65  inch.  The 
record  and  the  strain*diagram  show  that  at  the  termination  of  this  trial 
the  deflection  was  regularly  increasing.  The  load  was  then  removed 
and  the  set  was  found  to  be  0.524  inch^  the  bar  springing  back  0JL26  inch 
on  removal  of  the  weight. 

The  bar  was  again  loaded  with  1,000  pounds.  The  first  deflectioa 
which  could  be  measured  was  3.118  inches,  and  the  increase,  at  first 
followed  the  parabolic  law  noted  in  the  preceding  cases,  bat  quickly 
became  accelerated ;  this  sudden  change  of  law  is  best  seen  on  the  strain- 
diagram.  The  new  rate  of  increase  continued  until  fracture  actually 
occurred,  at  the  end  of  1^  hours,  and  at  a  deflection  of  4.506  inches. 

This  bar  was  of  very  different  composition  from  No.  599;  it  is  a  mem- 
ber of  the  ^'  tin  class,"  however,  and  it  is  seen,  by  examining  their 
records  and  strain-diagrams,  that  these  specimens,  tested  under  radically 
different  conditions,  both  illustrate  the  peculiar  characteristics  of  the 
class,  by  similarly  exhibiting  its  treacherous  nature. 

No.  504  was  a  bar  of  tin  containing  about  0.0  per  cent  of  copper-^ 
the  opposite  end  of  the  scale — and  exhibitetl  precisely  similar  behavior, 
taking  a  set  of  0.323  inch  under  110  pounds  and  steadily  giving  way 
and  deflecting  uninterruptedly  until  the  trial  ended  at  the  end  of  1,270 
minutes,  over  21  hours.  This  bar  subsequently  was,  by  a  maximum 
stress  of  130  pounds,  rapidly  broken  down  to  a  deflection  of  8.11  inches. 

No.  501  presents  the  finest  illustration  yet  entered  in  the  i*ecord 
book  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Tech- 
nology. The  test  extended  over  nearly  2^  days  under  observation,  and 
then  left  for  the  night,  was  found  next  morning  broken.  The  time  of 
fracture  is  therefore  unknown,  as  is  the  ultimate  deflection.  The  record 
is,  however,  sufficient  to  determine  the  law,  and  the  strain-diagram  is 
seen  to  be  similar  to  that  of  the  second  test  of  No.  479,  exhibiting  the 
same  tendency  to  the  parabolic  shape  and  the  same  change  of  law  and 
reversal  of  curvature  preceding  final  rupture,  and  illustrates  even  more 
strikingly  the  fact  that  this  class  of  metals  is  not  safe  against  final 
rupture,  even  though  the  load  may  have  been  borne  a  considerable  time, 
and  have  appareuUy  b^en  shown,  by  actttal  test,  to  be  capable  of  sustain- 
ing it.  A  strain-diagram  of  each  of  the  latter  two  bars  is  exhibited  on 
a  reduced  scale  to  present  to  the  e^-e  more  strikingly  this  important 
characteristic. 

A  comparison  of  the  records  and  the  strain -diagrams  with  those  of 
Section  I,  in  illustration  of  the  behavior  of  the  two  classes  of  metals 
under  constant  deflection,  is  most  instructive.  The  light  thus  thrown 
upon  the  phenomena  of  distortion  and  fracture  may  be  of  great  service 
to  all  who  are  ensraged  in  construction.  It  will  be  necessary  to  make 
many  experiments  to  determine  under  what  fraction  of  their  ultimate 
resistance  to  rapidly  applied  and  removed  loads,  the  members  of  the 
"tin  class'' — the  viscous  metals — will  be  safe  under  static  permanent 
loads.    Their  behavior  under  shocks  of  various  intensities  remains  also 
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to  be  determined.  The  most  probable  and  most  satisfactory  conclusion 
which  seems  likely  to  be  finally  reached  is,  perhaps,  that  the  "  iron 
class"  of  metals  are  capable  of  carrying  indefinitely  any  load  which 
they  have  once  borne,  and  that,  in  some  manner — ^by  the  relief  of  in- 
ternal strain,  as  suggested  by  the  writer,*  or  by  some  other  process — their 
rest  under  a  load  renders  them,  as  time  goes  on,  more  and  more  safe 
under  that  load. 

BECOBD  OP  EXPERIMENTS  WITH   DEAD   LOADS   TO   DETERMINE   THE 
INCREASE  OF  DEFLECTION  WITH  TIME,  OR  RATE  OF  SET. 

Bars,  1  inch  square ;  22  inches  between  supports.   Load  applied  at  the  middle. 


Time. 


Deflection. 


Increase.. 


Diiferenoe. 


TotfO. 


0 

1 

2 

8 

4 

5 

6 

16 

844 

Maximum 

tion,  4.67  inches. 


No.  651.— Wbouoht  iron. 
Lotmi,  1,600  iHmfuZt. 


Indut. 
0.4800^ 
0.5037 
0.6107 
0.6322 
0.6410 
0.6478 
0.6504 
0.6508 
0.6508 


Jnehes, 


0.1047 
0.0260 
0.0125 
0.0088 
0.0063 
0.0081 
0.0004 
0.0000 


Inehei. 


0.1047 
0.1867 
0.1432 
0.1520 
0.1583 
0. 1614 
0. 1708 
a  1708 


load,  2,588  pounds  i  maximum  defleo 


No.  504.-0.557  parts  coppkr,  00.433  pabtb  tdt. 
Loiidt  110  poundt. 


0 
5 
845 
865 
805 
1,025 
1,110 
1,270 
Haximmn  load,  130  pounds;  maximum  defleo. 
tion,  8.11  inches. 


0.328 

0.406 

1.045 

2.005 

2.188 

2.248 

2.878 

2.626 

0.083 
L530 
0.050 
0.184 
0.110 
0.130 
0.948 


a083 
L622 
1.681 
1.815 
1.025 
2.055 
2.303 


Ka  479.— 00.27  parts  ooppbr,  3.78  partb  xxk. 


0 

5 

10 

20 


Loadf  700  poundt, 

0.441 

a  550 

0.588 

0.001 


Time. 

Deflection. 

Minutei. 

Inchet, 

30 

0.618 

40 

0.630 

50 

0.642 

60 

0.650 

Set 

0.524     . 

Increase. 


Difference. 


Inehef. 
0.017 
0.012 
0.012 
0.008 


TotsL 


Inehet, 
0.177 
0.180 
0.201 
0.200 


Second  trial— Lotid  l^WO  pounds. 


0 

5 

15 

45 

75 


8.118 
8.540 
8.660 
4.102 
7.634 


Bar  broke  under  1,000  pounds. 


0.422 
0.120 
0.442 
8.522 


0.522 
0.542 
0.964 
4.506 


No.  501.— 0.7  PARTS  OOPPKR,  90.8  PARTS  TOT. 


0 

10 

70 

180 

810 

400 

460 

1,860 

1,475 

1.565 

1,730 

1,880 

2,780 

2,040 

8,000 

8.205 


j:oad,160 

L204 
L810 
1.463 
1.580 
1.601 
1.766 
L811 
2.534 
2.607 
2.782 
2.038 
8.186 
8.708 
4.274 
4.840 
5.007 


poundt. 


Bar  left  under  strain 
in  the  morning. 


at 


0.025 
0.144 
0.067 
0.161 
0.075 
U.045 
0.723 
0.163 
0.085 
0.156 
0.108 
0.662 
0.476 
0.075 
0.748 
night  and 


0.025 
0.160 
0.236 
0.807 
0.472 
0.517 
1.240 
1.403 
1.488 
L644 
1.842 
2.504 
2.080 
8.055 
8.803 
found  broken 


The  law  of  deflection  and  of  rate  of  set,  as  illastrated  graphically  by 
the  strain-diagrams  given  in  this  and  in  the  preceding  paper,  is  ex- 
pressed for  the  lighter  loads  by  equation  of  the  form 

T=AT— BT» 

in  which  T  is  the  deflection  or  the  set,  both  quantities  varying  together 
in  this  case,  and  T  is  the  time ;  A  and  B  being  constant  coefficient  to 
be  determined  for  special  cases. 


*  Wire  makers  have  learned  that  newly-made  wire  is  considerably  weaker  than  simi* 
lar  wire  which  has  been  so  long  made  as  to  afford  time  for  relief^  by  flow,  of  the  in- 
ternal straining  introduced  by  the  process  of  drawing. 
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For  heavy  loads,  after  the  first  sndden  deflection  and  set,  the  equa- 
tion is  seen  to  be 

Y=AT 

in  which  for  iron,  A=r  ^  and  for  the  tin-class  A  is  a  constant  moltiplier 

np  to  a  limit  Xj  Nos.  501,  479,  at  which  it  varies  as  some  new  function  of 
the  time. 

The  values  of  constants  for  the  various  metals  remain  to  be  deter- 
mined. The  question  whether  this  change  in  the  value  of  the  modulos 
of  rupture,  as  exhibited  in  the  preceding  section,  and  of  the  vidne  of 
the  quantity  representing  in  the  usual  formula  the  amount  of  deflection, 
is  due  to  a  change  in  the  modulus  of  elasticity,  to  simple  flow,  or  to  a 
variation  of  cohesive  force,  remains  to  be  considered. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

[Incorporated  1852.] 
DISCUSSION  AT  THE  SEVENTH  ANNUAL  CONVENTION.* 

FLEXUEE  OP  BEAMS- 

Mr.  BoBEBT  H.  Thxtbston — ^Referring  to  ^^Besistances  of  beams  to 
flexure": — t 

lo.  I  agree  fully  with  General  Barnard  in  considering  the  formula  of 
S'avier,  and  those  in  common  use  as  based  upon  them,  as  well  as  the  ar- 
guments of  Decomble  sustaining  the  former,  as  not  well  supported  by 
the  results  of  experiment,  except  in  a  few  special  cases. 

2o.  The  ordinary  theory,  and  its  resulting  equations,  in  which  the  re- 
sistances of  particles  to  compression  and  to  extension  are  propordonal 
to  their  distance  from  the  neutral  surface,  are  apparently  suffidently 
corrept  up  to  that  limit  of  flexure  at  which  the  exterior  sets  of  particles 
on  the  one  side  or  on  the  other  are  forced  beyond  the  elastic  limit. 

3^.  With  absolutely  non-ductile  materials,  or  materials  destitute  of 
viscosity,  fracture  occurs  at  this  point.  But,  with  ordinary  materials, 
and  notably  with  good  iron,  low  steel,  and  all  of  the  useful  metals  and 
alloys  in  common  employ,  rupture  does  not  then  take  place. 

4P.  The  exterior  portions  of  the  mass  are  compressed  on  the  one  side, 
ofi'ering  more  and  more  resistance  nearly,  if  not  quite,  up  to  the  point 
of  actual  breaking,  which  breaking  may  only  occur  long  after  passing 
the  elastic  limit.  On  the  other  side,  the  similar  sets  of  particles  are 
drawn  apart,  passing  the  elastic  limit  for  tension,  and  then  resisting  the 
stress  with  approximately  constant  force,  ^^flow"  occurring  until  that 
limit  of  flow  is  reached,  and  rupture  takes  place. 

50.  Fracture  may  occur  under  either  of  several  sets  of  conditions. 

A.  The  material  may  be  absolutely  brittle,  (a.)  In  this  case  the  elas- 
tic limit  and  the  limit  of  rupture  coincide  for  both  simple  tension  and 
simple  compression.  The  piece  will  break  with  a  snap  when,  under  flex- 
ure, either  limit  is  reached,  {b.)  Or,  it  may  happen  that  the  limit  i^^ 
reached  simultaneously  on  both  sides. 

B.  Tbe  material  may  be  slightly  viscous,  (a.)  The  flexure  of  the 
piece  will  produce  compression  or  extension,  or  both,  beyond  the  elastic 

*  Referriug  to  Record  of  Experiments  showing  the  character  and  position  of  Neu- 
tral Axes,  aa  shown  by  polarized  light,  L.  Nickerson,  vol.  iii,  page  31;  and  to  Resist- 
ance of  Beams  to  Flexare,  J.  G.  Barnard,  vol.  iii,  page  123. 

t  Vol.  iU,  page  123. 
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Kmit  before  rupture,  giving  three  sets  of  conditions  to  be  expressed  by 
the  formula,  (b.)  The  increase  of  resistance  after  passing  the  elastic 
limit  will  not  be  similar  for  both  forms  of  resistance,  and  each  substance 
will  probably  be  found  characteristically  distinguishable  from  every 
other,  (c.)  It^would  appear  from  experiments  ali^ady  familiar,  that  the 
resistance  to  compression  will  frequently  increase  in  a  very  high  ratio 
as  compared  with  that  to  extension,  thus  swinging  the  neutral  surface 
toward  the  compressed  side,  and  probably  sometimes  approximately  to 
the  limiting  surface,  with  Very  hard  and  friable  substances,  thus  bring- 
ing about  something  like  a  correspondence  with  '<  Galileo's  theory." 
This,  I  presume,  does  not  often  happen. 

O.'The  material  may  be  very  ductile  or  viscous.*  {a,)  In  this  case 
the  phenomena  of  flexure  and  rupture  will  be  as  last  described,  but  of 
exaggerated  extent  and  importance,  (ft.)  The  resistances  to  extension 
and  to  compression  as  developed  in  this  case  will  be  approximately,  or 
accurately,  those  observed  in  experiments  producing  rupture  by  direct 
tension  and  by  direct  compression.  The  neutral  surface  )?ill  be  deter- 
mined in  position  by  the  ratio  of  these  ultimate  resistances. 

6o.  Proposition  1,  of  Decomble,  as  rendered  by  General  Barnard,! 
therefore,  may  or  may  not  be  true  for  any  individual  case,  and  it  cannot 
be  true  for  all  materials.  Proposition  2  is,  I  think,  probably  correct,  it 
being  understood  that  the  efiect  of  ^^flow"  in  producing  modification  of 
the  coefficients  of  elasticity  and  of  rupture  is  comprehended.  Proposi- 
tion 3  is,  I  should  say,  certainly  incorrect  for  ductile  substances. 

Decomble  is,  therefore,  in  error  in  claiming  that  Navier's  theories, 
narrow  and  inflexible  as  are  their  conditions,  explain  '^all  phenomena" 
of  flexure  and  rupture,  or  that  it  can  always  give  us  correct  moduli  of 
rupture,  or  that  it  is  in  "complete  harmony"  with  any  but  a  narrow 
range  of  practice. 

70,  The  statement  that "  any  load,  however  small,"  is  "  capable  of  pro- 
ducing rupture,  providing  that  the  trial  is  sufficiently  prolonged,"  I  have 
long  since  shown,  by  experiment  (which  has  been  published  in  this 
country  and  in  Europe), J  to  be  quite  the  reverse  of  the  truth  in  the  case 
of  iron,  steel,  &c.  ■  The  fact,  as  shown  by  the  fac-aimile  strain-diagrams 
illustrating  these  papers,  being  that  static  stress^  less  than  that  prodtieing 
rupture  J  but  greater  than  that  eorrespondin^j  with  the  elastic  limits  produces 
actual  increase  of  resisting  power.  This  fact  has  since  been  proven  by 
other  investigators  and  by  quite  independent  methods  of  research. 

80.  I  have  also  shown  in  those  experimental  investigations  that  the 
converse  fact  exists,  that  distortion,  rapidly  produced,  causes  an  actual 
decrease  of  resisting  power.  Strain-diagrams  were  given  illusti-uting  this 
fact  very  strikingly. 

9<^  This  variation  of  resistance  with  variation  of  the  method  of  rup- 
ture introduces  another  element  of  uncertainty  into  "K'avier's  theory," 
as  well  as  into  aU  formulas  yet  constructed.  This  element  must  remain 
until  experiment  has  indicated  a  measare  of  it  and  the  form  of  the  func- 
tion expressing  its  law,  and  thus  enable  us  to  construct  a  correct  formula. 

100.  Eeferring  to  the  remarks  of  Gtjneral  Barnard  which  follow  the 
paper  under  discussion,§  we  may  find  in  the  phenomena  just  considered 
a  reason  for  the  fact,  remarked  by  him,  that  "  beams  fractured  by  shot 

*It  is  to  be  remembered  that  viscosity  and  high  cohesive  force  may  coexist,  as 
shown  bjr  Prof.  Henry  and  Mon.  Tresoa. 

t  Vol.  lii,  page  123. 

$  Transactions,  vol.  ii,  page  239;  vol.  ill,  page  12,  &c. ;  JoDmal  of  the  Franklin 
Institute,  1874;  Van  Xostrand's  Engineering  Magazine,  1874;  London  Eogineering, 
1873:  Practical  Mechanics'  Magazine,  1874;  Dingier' s  Polyiechnisches  Journal^  1875. 

$yol.  iii,  page  127. 


474 


T£STS   OF   METAL& 


did  not  resist  anything  like  so  much"  as  those  broken  under  the  alow 
and  steady  action  of  the  hydraulic  press. 

11^.  The  assumption  that  resistances  vary  each  way  from  the  neutral 
surface  proportionally  with  their  distance  from  that  surface  is,  when 
coupled  with  a  rejected  hypothesis  of  ]^avier,  nevertJieless,  not  taar  from 
the  truth  in  special  cases,  as  may  be  shown  by  proper  matheinatical 
treatment  and  comparison  with  results  obtained  experimentally. 

12^.  Mr.  William  Kent  made  this  comparison  for  cast  and  wrought 
iron  and  for  ash.  The  results  of  analysis  and  of  experiment  give  the 
following  values  of  the  B  in  the  ordinary  formula :  * 

M=:iBBD> (1) 

for  a  beam  fixed  at  cue  end,  loaded  at  the  other : 


R  (theoretleal)  .. 
B  (experimental) 


Cast  iron. 


82,280 
85,000 


Wxoa|rht 
iron. 


00,000 
00,000 


12.1M 
12,000 


13^.  This  remarkable  approximation  is  thus  derived :  Suppose  a  fixed 
beam,  Fig.  5,  with  loaded  extremity,  the  force  P  being  a        Pig.  5. 
measure  of  the  weight  W,  and  the  beam  having  a  depth 
D,  a  breadth  anity,  and  a  neutral  surface  situated  at  a 
distance  Y  from  the  superior  surface  of  the  beami.    Bep- 
resenting  the  resistances  graphically  by  the  triangles  T 
jS*,  C  N ;  their  measures  in  tension  and  compression  are  &" 
respectively  J  T  JNT,  J  0  N,  and  their  moments  are  J  T  IS" 
x§Y=:§  Y»,  and  i  0  Nx§  (D-Y)=i  C  (D-Y)*.    An 
early  hypouiesis  of  Navier,  which  seems  to  have  been 
entirely  abandoned  by  him  subsequently,  and  which  has  not  been  ac< 
cepted  by  subsequent  writers  on  the  subject,  makes  these  moments 
equal.    Assuming  this  to  be  correct, 


andO 


T  Y»=:0  (D-Y)« 
Y2 


T-"(D-Yy 


(2) 
(3) 


and,  from  this  expression,  we  may  find  the  position  of  the  neutral  sur- 
tVice,  as  determined  by  the  assumed  conditions.  Then  letting  B=th6 
breadth  of  the  beam, 

WL=iB[TY2+0(D-.Y)«]=iBBD» (4) 

in  which  latter  expression  B  is  the  modulus  of  rupture,  and  its  value 
can  be  found  when  G  and  T  are  known.  It  will  always  be  of  a  value 
intermediate  between  T  and  O. 

140.  The  following  are  the  data  and  results  for  the  three  cases  taken; 
the  results  are  well  worthy  of  examination  and  record : 


Cost  iron 

Wroaffht  iron 
Ash  tunber . . 


16,000 
60,000 
17,200 


06,000 

60,000 

0,000 


B 


1 
I 
1 


1 
1 
1 


1 
1 
1 


0.71 

as 

0.42 


D— T 


0.29 

0.5 

a68 


WL 


6.380 

10,000 

2,020 


B 


OQ.0Q0 
12.120 


*  Wood  on  Resistance  of  Materials. 
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150.  The  common  theory  of  rupture,  as  it  is  defined  by  Professor  Wood, 
is  confessedly  far  from  correct,  and,  as  shown  at  the  beginning  of  these 
remarks,  the  neutral  surface  must  vary  in  position,  and  cannot  invariably 
pass  through  the  center  of  gravity  of  section.  It  would  seem  that  such 
coincidence  of  position,  when  occurring  at  all,  is  simply  a  matter  of  in- 
cidental concurrence  of  conditions.  I  therefore  consider  the  criticism 
of  Oeneral  Barnard  to  be  just  in  this  point. 

16^.  The  accurate  mathematical  expression  of  the  phenomena  of 
flexure  and  rupture,  as  already  remarked,  must  be  vastly  more  compre- 
hensive and  flexible  and  more  facile  of  application  than  any  yet  pro- 
posed. As  I  have  shown,  it  is  not  sufficient  that  both  Ki  and  Ej— 4.  e., 
both  T  and  C — ^appear  in  the  formulas,  as  proposed  by  Decomble.  The 
real  value  of  these  quantities,  as  there  appearing,  must  vary  as  some 
function  of  distance  from  the  neutral  line,  while  the  position  of  the  neu- 
tral line  must  itself  vary  with  both  the  value  of  T  and  0  in  different 
cases,  and  with  their  change  of  value  in  the  same  beam,  as  flexure  pro- 
gresses and  after  rupture  commences.  These  variable  functions  must 
all  be  taken  into  account  and  comprised  in  the  general  expression  for 
the  moment  resisting  fracture. 

The  characters  of  these  functions,  however,  are  unfortunately  not  yet 
ascertained,  and  it  is  only  after  experiments  in  which  the  moment  of  re- 
sistance is  accurately  measured  during  every  stage  of  fracture,  and 
so  completely  that  the  strain-diagram  of  the  experiments  can  be  graph- 
ically given,  or  its  equation  constructed,  that  we  can  obtain  their  values. 
This  has,  as  yet,  been  done  in  but  few  cases,  as  in  some  experiments  of 
nodgkinson,in  the  work  of  Styffe,  and  in  experiments  made  by  Eodman. 

170.'  It  does  not  necessarily  follow  that  the  formulas  finally  resulting 
must  be  either  complex  or  inconvenient  of  application.  Simple  expres- 
sions will,  at  least,  be  found  for  special  cases  of  simple  character,  which 
will  serve  every  purpose  of  the  engineer. 

18°.  It  is  also  true,  as  ren^arked  by  Professor  Wood,  and  as  known  by 
every  engineer,  that  the  phenomena  of  flexure  within  admissible  limits 
are  much  less  complex  and  much  less  difficult  of  manipulation  than  those 
of  nipture,  or  than  those  resulting  in  serious  permanent  distortion. 
Hence,  it  is  true  that  ordinary  engineering  practice  is  not  placed  at 
such  a  serious  disadvantage  as  these  defects  of  the  theory  of  strain 
might  seem  to  indicate. 

190.  In  common  with  every  member  of  the  pfofession,  I  am  called 
upon  to  admit  the  great  services  rendered  us  by  Kavier  in  the  splendid 
work  done  by  him  at  VEcoU  des  Fonts  et  Chauss^es^  in  establishing  a 
theory  of  engineering,  as  well  as  in  working  up  a  theory  of  rupture,  and 
I  desire  to  acknowledge  those  services,  while  declining  to  admit  absolute 
accuracy  in  his  theories.  They  were  constructed  at  a  time  when  science 
was  apparently  divorced  from  the  practice  of  engineering,  and  when  his 
services  in  securing  a  genuine  union  were  most  invaluable.  He  must 
always  be  regarded  as  one  of  the  great  leaders  of  our  profession. 

I  would  unite  with  Oeneral  Barnard  in  his  remarks,  relative  to  the 
attempt  of  Navier^s  pupil,  Decomble,  to  retain  the  theory  while  mod- 
ifying the  formulas  of  Navier:  '^If  by  discarding  a  coefficient  founded 
upon  an  imaginary  coefficient  of  elasticity,  and  the  introduction  of  dis- 
tinct and  independent  factors,.8ymbolic  of  resistance  to  rupture  by  com- 
pression and  extension,  it  is  shown  that  the  Kavier  formula  can  be 
made  reliable,  an  imi^ortant  service  has  been  rendered  to  engineering 
science."* 

I  would  myself  add  that  the  discovery  and  the  mathematical  expres- 

•Vol.  iii,  page  126. 
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sions  of  the  varying  fanctioDs  which  I  have  described,  and  the  establish- 
ment  of  fonnulan  of  application  embodying  the  facts  of  the  variation  of 
the  coefScient  of  elasticity,  of  that  of  the  modole  of  resistance  of  ruptare 
by  tension  and  compression,  and  in  the  position  of  the  nentral  surface, 
Which  are  still,  as  previonsly,  essential  but  nnknown  elements  of  a  cor- 
rect theory  of  strain :  all  of  these  yet  remain  to  compensate  some  skill- 
fal  experimenter  and  expert  analyst.  Their  determination  wonld  earn 
for  their  fortunate  discoverer  higher  distinction  than  ever  won  by  eidier 
Coulomb  or  Navier. 
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ISSUED  BY  COMMITTEE  ON  METALLIC  ALLOYS  OF  THE  UNITED  STATES 
BOARD,  APPOINTED  TO  TEST  IRON,  STEEL,  AND  OTHER  METALS. 


EESEAEOHES  ON  THE  METALLIC  ALLOYS, 

INTRODUCTION. 

The  writer,  before  makinj^  the  researches  directed  by  the  Committee 
on  Metallic  Alloys,  and  beu>re  entering  apon  the  series  of  experiments 
on  the  characteristics  of  alloys,  has,  as  a  proper  introduction  to  the 
work,  made  a  somewhat  exhaustive  examination  of  the  records  of  earlier 
experiments  made  in  this  direction,  with  a  purpose,  both  to  save  useless 
labor  in  repeating  that  part  of  the  work  which  has  already  been  done 
by  investigators  of  acknowledged  authority,  and  to  make  the  report 
to  the  committee  more  complete  by  incorporating  a  synopsis  of  the 
records  of  researches  of  others.  A  large  number  of  papers  by  various 
writers  in  the  different  American  and  foreign  scientific  journals  have 
been  reviewed,  as  well  as  articles  on  the  alloys  in  encyclopaedias,  dic- 
tionaries of  chemistry,  &c.  Id  aU  cases  where  practicable,  the  original 
memoirs  were  consulted.  A  list  of  the  authorities  and  papers  will  be 
found  in  the  appendix. 

The  result  of  this  preliminary  investigation  has  been  to  reveal  a  vast 
amount  of  information  on  the  chemical  and  physical  properties  of  the 
alloys;  but  such  information  is  widely  scattered  and  authorities  do  not 
always  agree.  Some  experiments  have  been  made  upon  alloys  made 
from  the  impure  commercial  metals,  others  from  metals  rendered  chem- 
ically pure  for  tiie  purpose.  As  a  necessary  consequence,  the  results  of 
these  experimeuts  differ.  Again,  the  apparatus  used  has  not  always 
been  of  the  same  degree  of  accuracy,  and  this  has  produced  another 
cause  of  disagreement.  These  differences,  however,  are  usually  slight. 
The  greatest  difSculty  in  obtaining  information  on  the  subject  is  not 
that  there  is  not  enough  written,  but  that  what  is  written  is  so  widely 
scattered  as  to  be  accessible  to  but  few. 

This  deficiency  it  will  be  endeavored  in  some  degree  to  remedy,  by 
pla<5ing  the  results  obtained  by  various  experimenters  side  by  side.. 

We  shall  consider,  in  the  first  place,  the  properties  of  the  alloys  in 
general,  and  then  discuss  the  different  alloys  in  order,  beginning  with 
alloys  of  two  metals  only,  and  then  taking  those  of  three  or  more. 

477 


478  TESTS   OF   METALS. 

PBOPEBTIES  OF  THE  ALLOYS  IN  OENEILil.. 

It  is  evident  that  alloys,  being  composed  of  metallic  bodies,  will  pos- 
sess all  the  physical  and  chemical  characteristics  of  metals ;  they  have 
the  metallic  laster,  are  more  or  less  ductile,  malleable,  elastic,  and  sono- 
rous, and  conduct  heat  and  electricity  with  remarkable  facility.  In  re- 
taining these  properties,  however,  the  compound  \a  so  modified  in  some 
of  its  properties,  that  it  often  does  not  resemble  either  of  its  constituents, 
and  might,  consequently,  be  regarded  as  a  new  metal,  having  character- 
istics peculiar  to  itselil  This  is  especitdly  the  case  with  those  which  are 
used  in  the  arts.  It  would  almost  seem  that  there  is  no  department  of 
the  arts,  requiring  the  use  of  metals,  for  which  an  alloy  may  not  be  pre- 
pared, possessing  all  the  requisite  qualities  when  these  are  not  found  in 
the  original  metals.*  The  physical  properties  of  an  alloy  are  often  qaite 
different  from  those  of  its  constituent  metals.  Thus  copper  and  tin, 
mixed  in  certain  proportions,  form  a  sonorous  bell-metal,  possessing 
properties  in  which  both  metals  are  deficient;  in  another  proportion  they 
form  speculum  metal,  which  is  as  brittle  as  glass,  while  both  of  the  con- 
stituent metals  are  ductilei.  '  It  is  imx>ossible  to  predict  from  the  charac- 
ter of  two  metals  what  will  be  the  character  of  an  alloy  formed  from 
given  proportions  of  each.  In  most  cases,  however,  it  will  be  found 
that  the  hardness,  tenacity,  and  fusibility  will  be  greater  than  the  mean 
of  the  same  properties  in  the  constituents,  and  sometimes  greater  than 
in  either  J  while  the  ductility  is  usually  less,  and  the  specific  gravity  is 
sometimes  greater  and  sometimes  le8s.t  The  color  is  not  always  de- 
X)endent  upon  the  colors  of  the  constituent  metals,  as  is  shown  by  the 
brilliant  white  of  speculum  metal,  which  contains  67  per  cent,  of  copper. 

Very  slight  modifications  of  proportions  often  cause  very  great  changes 
in  properties.  M.  Bischof  j:  states  that  he  can  detect  the  deteriorating 
effect  of  one  part  tin  upon  10  million  parts  of  pure  zinc,  and  the  writer 
has  found  half  of  a  per  cent,  of  lead  to  reduce  the  strength  of  good 
bronze  nearly  one-half  and  to  affect  its  ductility  to  an  almost  equal 
extent. 

It  is  not  a  matter  of  indifference  in  what  order  the  metals  are  melted 
in  making  an  alloy.  Thus,  if  wecombine  90  parts  of  tin  and  10  of  cop- 
per, and  to  this  alloy  add  10  of  antimony ;  and  if  we  combine  10  i>arts 
of  antimony  with  10  of  copper,  and  add  to  that  alloy  90  parts  of  tiV*? 
shall  have  two  alloys  chemically  the  same,  but  in  other  respects— fej- 
bility,  tenacity,  &c. — they  totally  differ.  In  the  alloys  of  lead  and  anti- 
mony, also,  if  the  heat  be  raised  in  combining  the  two  metals  much 
above  their  fusing  points,  the  alloy  becomes  harsh  and  brittle. 

Some  metallic  alloys  are  much  more  easily  oxidizable  than  the  sepaj 
rate  metals.  An  alloy  of  tin  and  lead  heated  to  redness  takes  tire  and 
continues  to  bum  for  some  time.§ 

In  regard  to  certain  physical  properties,  Matthiessen||  remarks  that  the 
metals  may  be  divided  into  two  classes : 

CUlss  a. — ^Those  metals  which  impart  to  their  alloys  their  physical 
properties  in  the  proportion  in  which  they  themselves  exist  in  the  alloy* 

Class  B. — ^Those  metals  which  do  not  impart  to  their  alloys  their  phys^ 
ical  properties  in  the  proportion  in  which  they  themselves  exist  in  the 
alloy. 

*  Mutipratt's  Chemistiy,  vol.  1,  p.  533. 

t  Ure's  Dictionary,  vol.  1,  pp.  4o-.50. 

t  British  Assoc.  Reports,  2,  1870,  pp.  209,210. 

$  Ure's  Dictionary,  vol.  1,  p.  49. 

y  Joar.  Chem.  Soci.,  vol.  5,  1867,  p.  201-220. 
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The  metals  belonging  to  class  A  are  lead,  tin,  zinc,  and  cadmium;  and 
those  belonging  to  class  B,  in  all  probablity,  all  the  rest. 
The  physical  properties  of  alloys  may  be  divided  into  three  classes: 

I.  Those  which  in  all  cases  are  imparted  to  the  alloy  approximately 
in  ihe  ratio  in  which  they  are  possessed  by  the  component  metals. 

II.  Those  which  in  all  cases  are  not  imparted  to  the  alloy  in  the  ratio 
in  which  they  are  possessed  by  the  component  metals. 

m.  Those  which  in  some  cases  are  and  in  others  are  not  imparted  to 
the  alloy  in  the  ratio  in  which  they  are  possessed  by  the  component 
metals. 

As  types  of  the  first  class,  specific  gravity,  specific  heat,  and  expan- 
Hion  due  to  heat  may  be  taken;  as  types  of  the  second  class,  the  fusing 
points  and  crystalline  form;  and  as  types  of  the  third  class,  the  conduct- 
ing power  for  heat  and  electricity,  sound,  elasticity,  and  tenacity. 

THE  OHEMIOAL  NATUBE  OF  ALLOYS. 

Thechemical  nature  of  alloys  has  long  remained  a  disputed  point  among 
scientists.  The  question  <^  Are  alloys  definite  chemical  compounds,  solu- 
tions, or  mechanical  mixtures  )  "  is  not  easily  answered.  Several  authors 
give  their  views  and  describe  their  methods  of  making  experiments  to 
settle  tills  question,  but  there  still  remains  a  wide  difference  of  opinion 
in  regard  to  it.  Most  writers  now  agree,  however,  in  considering  some 
alloys  as  chemical  compounds  and  others  as  mixtures,  but  they  differ  as 
to  whether  any  particular  alloy  is  the  one  o^  the  other.  Thus  Calvert 
and  Johnson*  consider  the  tin-copper  alloys  definite  compounds,  while 
Matthiessent  claims  that  they  are  ^^  solidified  solutions  of  one  metal  in 
the  allotropic  modification  of  the  other."    Muspratt  |  says: 

Many  aUoys  consist  of  simple  elements  in  definite  or  eqaiyalent  proportions,  while 
others  are  iprodoced  from  compound  bodies,  and  often  the  components  do  not  exist  in 
the  ratio  ot  their  chemical  equivalents.  Metals,  in  forming  alloy s,  do  not.  however, 
combine  indiscriminately  with  one  another :  the  union  is  /a^ovemed  by  the  creator 
afSnities  which  some  of  them  manifest  for  each  other.  Just  as,  in  the  chemistry  or  bases 
and  acids,  a  predisposing  attraction  determines  a  preference.  This  in  some  measure 
pnyves  that  the  alloys  am  not  mechanical  mixtares,  but  definite  chemical  compounds. 
It  is  remarkable  that  the  native  gold  found  in  auriferous  sands  and  rocks  is  alloyed 
with  silver  in  the  ratio  of  one  equivalent  of  the  latt«r  to  four,  five,  six,  eight,  ten,  H 
cetera,  equivalents  of  the  former,  but  the  combinations  never  afford  results  indicative 
of  the  metal  being  united  in  fractional  parts  of  an  equivalent. 

■ 

Muspratt  further  says  that  another  proof  the  chemical  combinations 
subsisting  is,  that  the  compound  melts  at  a  lower  temperature  than  the 
mean  of  its  ingredients;  but  Matthie88en§  argues  that  this  is  no  proof 
at  all. 

Watts  II  remarks  that  most  metals  are  probably  to  some  extent  capable 
of  existing  in  combination  with  each  other  in  definite  proportions;  but 
it  is  dilficult  to  obtain  these  compounds  in  a  separate  condition,  since 
they  dissolve  in  all  proportions  in  the  melted  metals,  and  do  not  gen- 
erally- differ  so  widely  in  their  melting  or  solidifying  points  from  the 
metals  they  may  be  mixed  with  as  to  he  separated  by  crystallization  in 
a  definite  condition. 

The  chemical  force  capable  of  being  exerted  between  different  metals  may,  as  a  rule, 
be  expected  to  be  very  feeble,  and  the  consequent  state  of  combination  would  there- 
fore be  very  easily  disturbed  by  the  influence  of  other  forces.  But  in  all  cases  of  com- 
bination between  metals,  the  alteration  of  physical  properties,  which  is  the  distinctive 

• 

*Phil.  Trans.,  l&yS,  p.  363. 

t  British  Assoc.  Rep.,  1863,  p.  47. 

I  Muspratt*s  Chemistry,  vol.  1,  p.  534. 

i  Bntish  Assoc.  Rep.,  1863,  p.  42:  also.  Jour.  Chem.  Soc.|  vol.  5,  1867,  p.  207. 

II  Watts's  Dictionary,  vol.  iii,  p.  942. 


480  TESTS  OF  METALS. 

feature  of  ohemical  combination,  does  not  take  place  to  any  great  extent.  The  most 
tin<]ae8t  ion  able  compounds  of  metals  are  still  metallic  in  their  general  physical  char- 
acters, and  there  is  no  such  transmutation  of  the  individnalitv  of  their  constitneDts 
as  takes  place  in  the  combination  of  a  metal  with  oxyj^n,  or  sulphor,  or  chlorine,  &c. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the  color,  degree  of  hard- 
ness, tenacity,  dec. 

Messrs.  Calvert  and  Johnson,*  about  the  year  1860,  made  a  long  series 
of  experiments  on  alloys  and  amalgams  made  with  pure  metals,  with 
the  hope  of  throwing  some  light  upon  the  subject,  and  of  solviug  the 
question  ^^  Are  alloys  mixtures  or  compounds  f  ^  They  believe  that  they 
have  succeeded  in  ascertaining:  First,  the  influence  which  each  addi- 
tional equivalent  quantity  of  a  metal  exerts  on  another;  secondly,  tbe 
alloys  which  are  compounds  and  those  which  are  simply  mixtures,  for 
compounds  have  special  and  characteristic  properties,  while  mixtures 
participate  in  the  properties  of  the  bodies  composing  them.  They  hold 
that  the  bronze  alloys  are  definite  compounds;  for  each  alloy  has  a 
special  value  of  conductivity  of  heat,  and  also  its  own  sx>ecific  gravis, 
and  its  own  rate  of  expansion  or  contraction;  while,  on  the  contrary, 
the  alloys  of  tin  and  zinc  are  mixtures;  for  they  conduct  heat,  have  a 
specific  gravity  and  expand  according  to  theory,  or  according  to  the 
proportions  of  tin  and  zinc  which  compose  each  alloy.  Galvert  and 
Johnson's  conclusions  are  chiefly  based  upon  their  experiments  on  the 
heat  conductivity  of  the  alloys.  Later  experiments,  made  by  Matthies- 
sen,t  on  the  conducting  power  for  electricity,  led  him  to  different  ooa- 
elusions.  He  experimented  on  upwards  of  250  alloys,  all  made  of 
purified  metals.  The  results  of  his  investigations  are  published  in  a 
valuable  paper,  "  On  the  Chemical  Nature  of  Alloys,"  from  which  ve 
transcribe  the  following  classification  of  the  solid  alloys,  composed  of 
two  metals,  according  to  their  chemical  nature.  The  reasons  for  ti)i3 
classification  are  given  in  full  in  the  above-named  paper,  but  we  mast 
omit  them  here  for  want  of  space. 

1.  Solidified  solutions  ofoiie  metal  in  another  : 

The  lead-tin,  cadmium-tin,  zinc-tin,  lead-cadmium,  and  zinc-cadmiam 
alloys. 

2.  Solidify  solutions  of  one  metal  in  the  allotropie  modification  of  anr 
other  : 

The  lean-bismuth,  tin-bismuth,  tin-copper,  zinc-copper,  lead-siIver,aDd 
tin-silver  alloys. 

3.  Solidified  solutionis  of  allotropic  modifications  of  the  metals  in  eai^ 
other: 

The  bismuth-gold,  bismuth-silver,  palladium-silver,  platinum-silver, 
gold-copper,  and  gold-silver  alloys. 

4.  Chemical  combinations : 

The  alloys  whose  composition  is  represented  by  Sus  An,  Snj  An  and 
Au2  Sn. 

5.  Solidified  solutions  of  chemical  combinations  in  one  another: 

The  alloys  whose  composition  lies  between  Suj  An  and  Sn^  Aa,  and 
Sus  Au  and  Au2  Sn. 

6.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  another:  ^ 
The  alloys  of  lead  and  zinc,  when  the  mixture  contains  more  than  1^ 

per  cent,  lead  or  1.6  per  cent.  zinc. 

7.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  the  allotrop^ 
modification  of  tJie  other : 

The  alloys  of  zinc  and  bismuth*,  when  the  mixture  contains  more  than 
14  per  cent,  zinc  or  2.4  per  cent,  bismuth. 

*  See  list  of  Calvert  and  Johnson's  papers  in  the  appendix, 
t  British  Assoc.  Reports,  186:^,  pp.  37-48. 
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8.  Mechanical  mixtures  of  solidified  solutions  of  the  allotropic  modifi^cor 
tions  of  the  two  metals  in  one  anotlier: 

Most  of  the  silver-copper  alloys. 

Matthiessen,  however,  does  not  claim  that  the  above  classification  is 
not  liable  to  exception.  He  was  obliged  to  assume  that  some  of  the  met- 
als undergo  a  change,  or  are  converted  into  an  allotropic  modification 
in  the  presence  of  another  meial,  in  order  to  explain  some  of  the  phe- 
nomena which  he  observed,  but  he  admits  that  until  the  allotropic  modi- 
fications have  been  isolated,  the  assumption  must  remain  an  hypothesis. 

To  conclude,  we  can  only  say  that  the  question  is  still  unsettled. 
From  the  marked  peculiarities  of  properties  observed  in  a  few  of  the 
alloys,  we  are  led  to  pronounce  them  chemical  compounds.  Some  others, 
we  must  admit,  are  simple  mixtures,  or  rather,  solidified  solutions.  But 
in  regard  to  the  large  majority  we  are  still  in  doul>t.  Further  experiments 
may  throw  more  light  on  the  subject,  but  it  is  probable  that  with  the 
larger  number  of  aUoys  it  will  be  found  impossible  to  discover  their  ex- 
act chemical  nature. 

SPECIFIC  GRAVITY. 

The  specific  gravity  of  an  alloy  is  rarely  the  mean  between  the  densi- 
ties of  each  of  its  constituents.  It  is  sometimes  greater  and  sometimes 
less,  indicating,  in  the  former  case  an  approximation,  and  in  the  latter 
a  separation  of  the  particles  from  ea<jh  other  in  the  process  of  alloying. 
This  subject  has  been  studied  by  several  writers,  and  their  published 
results  agree  quite  closely  in  regard  to  some  of  the  alloys,  but  differ  in 
regard  to  others.  These  diflferenccs  may  be  accounted  for  by  the  differ- 
ences in  the  apparatus  used  by  the  experimenters,  by  the  fact  that  some 
determinations  have  been  corrected  for  temperature  and  pressure  of  the 
atmosphere  while  others  were  not,  but  principally  from  the  fact  that 
several  of  the  alloys  are  liable  to  be  very  deficient  in  homogeneity,  and 
that  the  density  oif*  the  same  alloy  will  vary  according  to  the  conditions 
under  which  it  is  formed,  as  being  cast  too  cold  or  too  hot,  cast  in  iron 
or  in  sand  molds,  &c.  A  bar  cast  in  a  vertical  position  is  apt  to  have 
a  greater  specific  gravity  at  the  bottom  of  the  bar  than  at  the  top.  Re- 
peated fusion  of  an  alloy  also  causes  changes  in  its  density. 

It  is  common  among  authorities  who  publish  determinations  of  spe- 
cific gravities  of  the  alloys,  to  give  the  calculated  as  well  as  the  observed 
specific  gravity.  The  calculated  specific  gravity  is  that  which  the  alloy 
would  have  if  there  were  neither  expansion  nor  condensation  of  the 
metals  during  the  act  of  combination.  Some  writers  have  made  a  mis- 
take in  finding  the  calculated  specific  gravity  by  assuming  it  to  be  the 
arithmetical  mean  between  the  numbers  denoting  the  two  specific  gravi- 
ties, or,  in  other  words,  multiplying  the  percentage  weight  of  each  con- 
stituent by  its  specific  gravity,  adding  the  results  and  dividing  by  100. 
The  specific  gravities  should  be  calculated  from  the  volumes  and  not 
from  the  weights.  Dr.  Ure*  gives  the  correct  rule  as  follows:  Multiply 
the  sum  of  the  weights  into  the  pri^lucts  of  the  two  specific  gravity 
numbers  for  a  numerator,  and  multiply  each  specific  gravity  number 
into  the  weight  of  the  other  body  and  add  the  products  for  a  denomina- 
tor. The  quotient  obtained  by  dividing  the  said  numerator  by  the  de- 
nominator is  the  truly  computed  mean  specific  gravity  of  the  alloy. 
Expressed  in  algebraic  language,  the  rule  is — 

^ Fw+p'W  '  ^  ' 


*  Ure's  Dictionary,  vol.  1,  p.  49. 
31  TM 
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where  M  is  the  mean  specific  gravity  of  the  alloy,  IF  and  tr  the  weights, 
and  P  and  p  the  Bpe<^ific  gravities  of  the  constituent  metals.  Calvert 
and  Johnson  *  seem  to  have  fallen  into  the  error  just  mentioned,  and 
the  exi)ansion  and  condensation  of  different  alloys  as  given  by  them  is 
not  strictly  correct.  Professor  BoUey  has  also  committed  the  same,  as 
shown  by  Matthiessen.t 

The  observed,  or  real,  specific  gravities  of  the  alloys,  however,  pub- 
lishexl  by  these  writers,  are  not  affected  by  tbe  error  named,  and  they 
are,  no  doubt,  wortby  of  acceptance. 

The  valuable  compilation  of  the  ^^  Constants  of  Naturef^^  published 
by  tbe  Smithsonian  Institution,  contains  a  full  table  of  specitic  fipravities 
of  the  alloys,  with  tbe  names  of  about  twenty-five  authorities.  Of  these, 
the  principal  are  Mallet,§  Calvert  and  Johnson,||  Matthiessen,^  and 
Eiche.*  • 

The  following  table  of  the  alloys  whose  density  is  greater  or  less  than 
the  mean  of  their  constituents,  is  given  by  several  writers: 


Alloys,  the  density  of  which  is  gnttter  thsn  the 
mean  of  thetr  constitaents. 

Gold  and  zinc. 
Gold  and  tin. 
Gold  and  bismntb. 
Gold  and  antimony. 
Gold  and  cobalt. 
Silver  and  zinc. 
Silver  and  tin. 
Silver  and  bismnth. 
Silver  and  antimony. 
Copper  and  zinc. 
Copper  and  tin. 
Copper  and  palladiam. 
Copper  and  bismutb. 
Lead  and  antimony. 
Platinum  and  molybdenum. 
Palladium  and  bismutb. 


AUoys,  the  density  of  which  is  less  than  this 
of  their  constituents. 

Gold  and  silver. 
Gold  and  iron. 
Gold  and  lead. 
Gold  and  copper. 
Gold  and  iridium. 
Gold  and  nickel. 
Silver  and  copper. 
Iron  and  bismutb. 
Iron  and  antimony. 
Iron  and  lead. 
Tin  and  lead. 
Tin  and  lead. 
Tin  and  palladium. 
Nickel  and  arsenic. 
Zinc  and  antimony. 


The  above  table  is  probably  inaccurate  in  many  respects.  Calvert  and 
Johnson  agree  with  Matthiessen  in  giving  the  density  of  the  alloys  of 
lead  and  antimony  as  less  than  the  mean  of  the  constituents,  and  Mat- 
thiessen shows  the  alloys  of  lead  and  gold  to  have  a  greater  density 
than  the  mean  of  their  constituents.  Some  alloys  of  tin  and  gold  and 
of  bismuth  and  silver  are  shown  by  Matthiessen  to  have  a  greater,  and 
some  a  less,  density  than  the  mean  of  their  constituents,  and  the  same 
is  true  of  the  alloys  of  some  other  metals. 

FUSIBILITY. 

• 

A  remarkable  property  of  many  of  the  alloys  is  their  great  fusibility. 
In  nearly  all  cases  the  fusing  point  of  an  alloy  is  lower  than  the  mean 
of  its  constituent  metals,  and  in  some  instances,  as  in  the  so-called  fusi- 
ble alloys,  it  is  lower  than  that  of  either.  The  cause  of  this  fact  has 
not  been  definitely  ascertained.  Some  regard  it  as  a  proof  that  the 
alloy  is  a  distinct  chemical  compound,  but  most  authorities  differ  from 

♦Pbil.  Mag.,  vol.  18, 18.')9,  pp.  :ir)4-:«)9.  ^ 

t  Jour.  Chcm.  Soc,  vol.  15, 1862,  pp.  30, 106. 

X  CoustantH  of  Nature,  published  by  tbe  Smithsonian  Institation,  Waslungton,  D.  C, 
1873 

$Pbil.  Mag.,  vol.  21,  1842,  pp.  66-68. 

II  Phil,  Mag.,  vol.  18, 1859,  pp.  354-359. 

IT  Pbil.  Trans.,  1860,  pp.  177-184. 

*  *  Compt€§  Bendua,  vol.  55,  1862,  pp.  143-147. 
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this  view.  Matthiessen  •  sapposes  that  chemical  combinations  may  exist 
in  the  fused  mass,  which  suiler  decomposition  on  cooling  or  solidifying. 
He  says  tbat  the  low  fusing  points  admit  of  explanation  by  assuming 
that  chemical  attraction  between  the  two  metals  comes  into  play  as  soon 
as  the  temperature  rises,  and  the  moment  the  smallest  portions  melt, 
then  the  actual  chemical  compound  is  formed  which  fuses  at  the  lowest 
temperature,  and  then  acts  as  a  solvent  for  the  particles  next  tiO  it,  and 
so  promotes  the  combination  of  the  metals  where  this  can  take  plaoe. 

In  another  placet  Matthiessen  remarks  that  all  mixtures  have  a  lower 
fusing  point  than  the  mean  of  the  substances  forming  the  mixture;  for 
instance,  salt-water  solidifies  below  zero,  and  a  mixture  of  the  chlorides 
of  sodium  and  potassium  fuses  at  a  lower  point  than  the  mean  of  the 
t'ttsing  points  of  the  components. 

This  fact,  he  believes,  admits  of  explanation  as  follows : 

It  is  generally  admitted  that  matter  in  the  solid  state  exhibits  an  excess  of  attmc- 
tioD  over  repulsion,  while  in  the  liquid  state  these  forces  are  balanced,  and  in  the 
gaseons  state  repulsion  predominates  over  attraction.  Let  us  assume  that  similar 
pai*ticle8  of  matter  attract  each  other  more  powerfully  than  dissimilar  ones.  It  will 
then  follow  that  the  attraction  subsisting  between  the  particles  of  a  mixture  will  be 
sooner  overcome  by  r^'pnlsion  than  in  the  case  of  a  homogeneous  body ;  hence  mixtures 
Bhould  fuse  more  readily  than  their  constituents. 

Some  alloys  have  been  observed  to  fuse  atone  point  and  solidify  at  a 
lower  one;  for  example,  the  tin-lead  alloys,  which  all  solidify  at  181^  C., 
but  the  fusing  point  of  which  varies  with  the  different  proportions  of  the 
component  metals  from  I8I0  0.  to  292©  C. 

Concerning  these  alloys,  Pillichodyf  remarks  as  follows: 

When  the  points  of  solidification  are  observed  by  immersing  the  thermometer  in  the 
melted  alloy,  it  usually  exhibits,  during  the  passage  of  the  mass  fh)m  the  liquid  to 
the  solid  state,  two  stationary  points.  This  effect  is  due  to  the  separation  of  one  or 
other  of  the  component  metals,  while  an  alloy  of  constant  composition  &till  remains 
liquid.  This  alloy  corresponds  to  the  composition  Sns  Pb.  An  alloy  richer  in  If  ad 
would  first  deposit  leafl,  and  an  alloy  containing  a  larger  proportion  of  tin  would  first 
deposit  tin — the  alloy  Sua  Pb  remaining  liquid  for  a  longer  or  shorter  time,  and  ulti- 
mately solidifying  at  181°  C.  This  tfraperature  therefore  corresponds  to  the  lowest 
melting  point  that  can  be  exhibited  by  an  alloy  of  tin  and  lead,  a  larger  proportion 
of  either  metal  causing  the  melting  x>oint  to  rise. 

With  the  exception  of  the  alloys  of  tin  and  lead,  and  the  fusible  alloys, 
the  fusing  points  of  but  few  of  the  alloys  have  been  determmed.  An 
accurate  pyrometer  for  temi)eratures  above  red  heat  is  greatly  needed 
for  this  purpose.  The  "Constants  of  Nature, ''  while  it  has  the  specific 
gravities  of  several  hundred  alloys,  gives  the  melting  points  of  only  six, 
exclusive  of  the  fusible  allo.ys  and  those  of  lead  and  tin.  Mallet  §  gives 
the  relative  fusibility  of  the  several  alloys  of  copper  and  tin  and  copper 
and  zinc,  and  shows  tbat  their  fusibility  increases  regularly  as  the  pro- 
portion of  copper  in  the  alloy  diminishes. 

Some  alloys  in  passing  from  the  liquid  to  the  solid  state  do  not  change 
at  once,  but  remain  for  some  time  in  a  pasty  condition.  Their  tempera- 
ture of  solidification,  therefore,  cannot  be  distinctly  recognized.  This 
is  the  case  with  an  alloy  of  the  composition  Bi,  Pb  Sn„  wMch  is  fusible 
in  boiling  water,  but  which  remains  in  a  pasty  condition  through  an 
interval  of  several  degi-ees  of  temperature,  so  that  it  can  be  handled 
like  a  plaster. 

M,  Person  II  made  experiments  upon  the  alloys  Bia  Pbj  Sn,  (D'Ar* 

*  British  Assoc.  Reports,  1863,  p.  4*2. 
t  Jour.  Chem.  Soc,  vol.  5,  1867,  p.  207. 
t  Jour.  Chem.  Soc.,  vol.  15,  1862,  p.  30. 
i  Phil.  Mag.,  vt»i.  21,  1842,  pp.  66-68. 
II  Camptea  lienduSy  vol.  25,  1847,  pp.  444-446. 
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cet's  alloy,  fusible  at  96o  C),  Bij  Pb  Sn^  (fusible  in  boiling  water),  and  B; 
Pb  Sn,  (fusible  at  145^  C),  and  formed  the  conclusion  that  it  is  possible 
to  assign  in  advance  the  heat  necessary  to  fuse  an  alloy,  if  that  requireti 
to  fuse  each  of  its  component  metals  is  known.  He  gives  the  fornju!;^ 
(160  +  t)t^  =  /,  in  which  t  is  the  temf)erature  at  wluch  fasion  is  effei^te^l: 
for  example,  3320  0.  for  lead  if  melted  alone,  but  only  96o  C.  if  roelteil 
in  D'Arcet's  fusible  alloy;  I  is  the  expenditure  of  heat  necessary  topn- 
duce  the  fusion ;  that  is,  a  certain  number  of  ea/orte*  (1  c^r/ari>  =  .l',^; 
British  thermal  units)  vjiriable  with  /;  t?  is  the  difference  of  the  siMxiii^ 
heats  of  the  liquid  and  solid.  If  i  and  I  are  known,  />  can  be  found.  In 
the  case  of  tin,  t  =  235,  I  =  14.3,  from  which  i>  =  0.0362.  Having  tbi.s 
value  of  1^,  it  is  easy  to  calculate  the  heat  necefeary  to  melt  tin  at  any 
temperature  whatever,  for  instance  at  90^  C,  for  which  we  find  9.:S  r«''. 
Making  the  same  calculation  for  bismuth  and  for  lead  we  find  7.382  anl 
2.7  cal.  It  only  remains  to  take  these  numbers  in  the  proportion  ir 
which  each  metal  exists  in  the  alloy,  which  gives  a  little  less  than  <J .i 
calories^  which  differs  from  the  number  tbund  by  experiment  (6  caU: 
only  0.3  caL 

Nothing  appears  to  have  been  written  ux)on  this  branch  of  the  sulh 
ject  since  M.  Person's  paper  was  published,  but  it  is  probable  that  if  thf 
investigation  was  pursued  further  our  knowledge  of  the  causes  of  tht 
remarkable  fusibility  of  the  alloys  would  be  much  increased. 

M.  Kiche  *  has  determined  the  melting  points  of  certain  alloys  of  tin 
and  copper,  by  means  of  Becquerel's  thermo-electric  pyrometer.  H*' 
obtained  concordant  lesults  with  the  alloys  Sn  Cus  and  Su  CU4,  but  witii 
all  othef  alloys  the  results  differed  widely  among  themselves. 

W.  G.  Roberts,t  chemist  to  the  British  mint,  has  published  a  series  »»: 
determinations  of  the  melting  points  of  several  alloys  of  silver  and  eoj" 
per.  The*  temperature  was  estimated  by  finding  the  amount  of  he;iT 
contained  in  awroughr-iron  cylinder  of  known  weight  which  was  dropin- J 
into  the  melted  alloy  while  in  the  furnace,  and  removed  as  soon  as  tbt- 
mass  showed  signs  of  solidifying.  The  specific  heats  of  the  iron  and  ^'i 
the  alloy  were  the  data  used  in  the  calculation.  The  alloy,  coDix>osed  At 
630.29  parts  of  silver  and  369.71  parts  of  copper,  corresponding  to  tht- 
formula  Ag  Cu,  showed  the  lowest  fusing  point,  or  846.8o  C. ;  that  of 
pure  copper  being  1330o  0.,  and  that  of  pure  silver  1040^  O. 

LIQUATION. 

Many  of  the  alloys  exhibit  the  phenomena  of  liquation,  or  separatios 
of  the  mass  of  melted  metal  in  the  act  of  solidification  into  two  or  nioiv 
alloys  of  different  composition.  The  resulting  alloy  or  mixtare  of  allo\  > 
is  consequently  deficient  in  homogeneity.  The  causes  of  this  separati<>L 
are  as  yet  but  imperlectly  understood.  Some  observations  seem  to  show 
thatt  an  alloy  of  constant  composition  and  of  a  comparatively  high  Iusiiil 
point  solidifies  first  in  crystals  disseminated  throughout  the  mass,  whilt 
the  remainder  of  the  melted  metal  remains  fluid  for  a  longer  time,  aihl 
finally  solidifies  around  and  among  these  crystals.  This  fact  wonM 
tend  to  prove  that  the  first  alloy  solidified  was  a  distinct  chemical  coin 
pound,  but  it  has  been  shown  that  crystals  of  exactly  the  salne  appi^ar 
ance  have  been  formed  from  two  metals  in  a  wide  range  of  proportions. 

The  different  circumstances  under  which  the  separated  alloys  may  In- 
formed, such  as  the  heat  of  the  metal  when  poured  into  the  mokl,  and 
the  fact  of  slow  or  of  rapid  cooling,  are  known  to  have  some  infloent^ 

•  Ann.  de  Chim.,  toI.  30,  1873.  p.  351. 
tProc.  Roy.  Soc,  vol.  23,  1875,  pp.  481-4d5. 
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upon  the  ainoant  of  liqaation,  or  tlie  difiference  of  composition  of  differ- 
ent parts  of  the  same  casting,  bat  this  influence  is  not  exerted  upon  all 
alloys  in  the  same  direction,  some  a!lo3's  being  affected  in  one  way  and 
some  in  another  by  the  same  manner  of  treat^ment.  The  bronze  alloys, 
such  a^  gun-metal,  are  said  to  have  the  liquation  diminished  by  rapid 
cooling.  When  the  mass  is  cooled  slowly,  bronze  castings  often  show  in 
the  interior  what  are  called  spots  of  tin,  but  what  are  really  spots  of  a 
whitealloy  of  copper  and  tin,  containing  a  larger  percentage  of  tin  than 
the  average  of  the  whole  casting.  When  slowly  cooled,  also,  the  bottom 
of  the  casting  is  oft^n  found  to  contain  a  larger  percentage  of  copper 
than  the  top.  When  cooled  rapidly,  however,  as  shown  in  the  experi- 
ments of  General  Uchatius  •  in  casting  cannon  in  chilled  molds,  the 
liquation  is  reduced  to  a  minimum,  and  the  resulting  alloy  is  more 
homogeneous. 

Levol  t  made  some  experiments  on  the  liquation  of  the  alloys  of  silver 
and  copper,  and  concluded  that  the  only  homogeneous  alloy  of  these  two 
metals  was  the  one  whose  composition  is  718.97  parts  of  silver  and  281.07 
parts  of  copper,  corresponding  to  the  formula  Ags  Cu2,  and  that  all  the 
others  are  liable  to  more  or  less  liquation.  It  has  lately  been  shown, 
however,  by  Mr.  W.  C,  Roberts,}  chemist  to  the  British  mint,  that  this 
alloy  is  only  homogeneous  when  cooled  rapidly.  If  the  cooling  is  slowly 
effected,  its  homogeneity  is  disturbed,  the  external  i>ortions  being  slightly 
richer  in  silver  than  the  center. 

Mr.  Roberts  made  several  determinations  of  the  liquation  of  other 
alloys  of  silver  and  copper,  and  found  that  the  arrangement  of  an  alloy 
is  to  a  great  extent  dependent  on  the  rate  at  which  it  is  cooled,  and  that 
several  alloys  of  silver  and  copper  are  under  suitable  conditions  as  homo- 
geneous as  Levol's  alloy.  The  alloy  of  925  parts  silver  and  75  parts 
copper  was  found  to  be  nearly  homogeneous  when  cooled  veryslowly,  the 
composition  of  the  corners  and  center  of  a  cube  45  millimeters  on  a  side 
showing  a  maximum  difference  of  only  1.4  parts  in  1,000,  while  the  same 
when  cooled  rapidlv  showed  a  difference  of  12.8  parts  in  1,000. 

Col.  J.  T.  Smith  §  i*elates  in  reference  to  some  experiments  made  by 
him  on  the  alloy  of  silver  and  copper  containing  91§  percent,  of  silver, 
that  the  separation  of  the  constituent  parts  of  the  alloy  was  not  so  much 
due  to  the  rapidity  or  slowness  with  which  the  heat  of  the  fluid  metal 
was  abstracted,  as  to  the  inequality  affecting  its  removal  from  the  differ- 
ent parts  of  the  melted  mass  in  the'act  of  consolidation.  Thus,  if  a  cru- 
cible full  of  the  melted  alloy  were  lifted  out  of  the  furnace  and  placed 
on  the  floor  to  cool,  the  surface  of  the  melted  metal  within  it  being  well 
covered  with  a  thick  layer  of  hot  ashes,  the  lower  parts  of  the  mass  after 
it  had  become  solid  would  be  found  to  contain  less  silver  in  proportion 
than  the  upper  surface. 

If,  on  the  other  hand,  the  crucible  were  left  to  cool  while  imbedded  in 
the  furnace,  the  upper  surface  being  exposed  to  the  air,  then  the  lower 
parts  would,  after  solidification,  be  found  finer  than  the  upper  surface. 

Richell  has  made  several  experiments  on  the  liquation  of  the  alloys  of 
copper  and  tin.  He  remarks  that  to  manifest  the  property  of  liquation, 
it  is  necessary  to  agitate  the  crucible  containing  the  melted  alloy,  at  the 
moment  of  solidification,  in  order  to  separate  the  small  crystals  already- 
formed.    The  results  obtained  on  the  last  product,  remaining  liquid  in  a 

*  Ordnance  Notes  No.  XL,  Washington,  D.  C,  1875. 

iAfin.  de  Ckim.,  vol.  3(5,  ia>2,  pp.  193-224. 

t  Proc.  Roy.  8oc.,  vol.  23,  187.'),  pp.  481-495. 

i  Proc.  Roy.  Soc,  vol.  23,  1875,  pp.  433-435. 

11  Comptes  Eendus,  vol.  67, 1868,  pp.  1138-1140,  and  vol.  30,  1873,  pp.  351-419. 
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mass  weighing  1,000  to  1,200  grammes,  showed  a  remarkable  liquation 
of  all  the  alloys  of  copper  and  tin  except  those  corresponding  to  the  for 
mulae  SSn  Gus  and  Sn  CU4. 

Several  other  alloys  exhibit  like  phenomena  to  an  even  greater  extent 
than  those  above  mentioned.  Matthiessen  and  Von  Bose  experimented 
upon  alloys  of  lead  and  zinc  and  bismuth  and  zinc,  melting  the  metals 
together  in  various  proportions,  and  found  that  one  end  of  a  bar  wiiuld 
have  an  excess  of  one  metal  and  the  other  end  an  excess  of  the  other. 
Alloys  of  copper  and  lead  containing  an  excess  of  lead  show  a  liqua- 
tion in  a  remarkable  degrees,  the  excess  of  lead  partly  oozing  out  from 
the  mass  on  cooling. 

SPECIFIO  HEAT. 

The  published  determinations  of  the  specific  heat  of  the  alloys  are  dot 
numerous.  This  results  not  from  any  difficulty  of  making  the  obserra 
tions,  but  probably  because  they  have  not  been  considered  of  such  prac- 
tical importance  as  those  of  other  properties,  and  partly,  also,  because  M. 
Regnault's*  determinations,  made  in  1841,  and  his  deductions  therefrom, 
are  accepted  as  final. 

M.  Begnault  determined  the  specific  heat  of  two  classes  of  alloys:  first, 
those  which  at  100^  C.  are  considerably  removed  from  their  fusing  i)oint>: 
and,  secondly,  those  which  fuse  at  or  near  100^  C  The  specific  heats 
of  the  first  series  were  remarkably  near  to  that  calculated  from  the 
specific  heats  of  the  component  metals,  so  that  he  announced  the  follow- 
ing law : 

'*  The  specific  heat  of  the  alloys,  at  temperatures  considerably  removed  fro^ 
their  fusing  point,  is  exactly  the  mean  of  tlie  specific  heats  of  the  metnU 
tchich  compose  them,^ 

The  mean  specific  heat  of  the  component  metals  is  that  obtained  hj 
multiplying  the  specific  heat  of  each  metal  by  the  percentage  amonnt  ni 
the  metal  contained  in  the  alloy  and  dividing  the  sum  of  the  product^ 
lor  each  alloy  by  100. 

A  curious  fact  discovered  in  regard  to  these  alloys  is  also  that  tl^- 
product  of  the  specific  heat  of  each  alloy  by  its  atomic  weight  is  sensibly 
constant,  varying  in  the  whole  series  only  from  40.76  to  42.05. 

The  second  series  of  alloys,  or  those  which  fuse  at  a  temperature  af 
or  near  100^  C,  show  a  wide  divergence  from  the  above  law,  the  speciti 
heats  of  all  of  these  being  much  higher  than  that  calculated  from  thtir 
constituents.    The  product  of  the  specific  heats  by  the  atomic  weights 
varied  also,  from  45.83  to  72.97. 

Matthiessen  t  describes  a  simple  arrangement  of  the  differential  ther 
mometer  for  the  purpose  of  showing  that  the  specific  heat  of  an  alloy  i^ 
the  same  as  the  mean  of  those  of  its  components. 

EXPANSION  BY  HEAT. 

The  expansion  of  the  alloys  by  heat  has  been  examined  by  Messrs 
Calvert  and  Lowe,t  with  a  view  to  learn  whether  their  expansion  followt'-l 
the  law  of  the  proportions  of  their  com  ponents.  Four  series  of  alloys  wt  r. 
examined,  namely,  those  of  zinc  and  tin,  lead  and  antimony,  zinc  aini 
copper,  and  copper  and  tin.  In  each  case  the  expansion  was  lesstliaii 
that  deduced  by  calculation  from  their  equivalents, 

""Ann.  de  Chim.,  vol.  1,  1841,  pp.  129-207.  ~~ 

t  Jour.  Chem.  Soc.,  vol.  5,  1867,  p.  205. 
t  Chem.  News,  vol.  3,  1861,  p.  315. 
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In  alloys  of  copper  with  tin,  it  was  found  that  where  only  a  small 
quantity  of  tin  entered  into  the  composition  of  a  bar,  the  expansion  fell 
considerably  below  that  of  pure  copper,  although  the  tin  added  has  a 
much  higher  rate  of  expansion  than  copper. 

From  experiments  made  by  Messrs.  Calvert  and  Lowe  upon  the  ex- 
pansion of  chemically  pure  metals,  they  conclude  that  a  very  small  pro- 
portion of  impurity  has  a  marked  influence  upon  the  expansion.  Their 
results  diflfered  largely  from  those  of  other  experimenters  who  used  only 
the  commercial  metals;  but  when  they,  too,  used  commercial  metals,  the 
results  agree. 

The  alloys  upon  which  they  experimented  were  also  formed  from  pure 
metals,  and  on  account  of  the  difficulty  of  procuring  these  in  sufficient 
quantity,  the  bars  experimented  on  were  very  small,  being  only  60  millim- 
eters, or  less  than  2^  inches  long.  The  apparatus  used,  however,  as 
described  at  length  in  the  "Chemical  News,"  was  so  sensitive,  that  an  ex- 
pansion of  TiTooir  of  an  inch  could  readily  be  observed. 

If  experiments  were  made  upon  alloys"  formed  from  the  ordinary  com- 
mercial metals,  it  would  probably  be  found  that  their  rate  of  expansion 
would  differ  considerably  from  that  of  alloys  formed  from  pure  metals. 

The  molecular  condition  of  a  metal  was  observed  to  have  an  impor- 
tant influence  on  the  rate  of  expansion.  The  same  will  no  doubt  be 
found  true  in  the  case  of  alloys. 

Matthiessen*  states  that  the  expansion  due  to  heat  of  the  metals 
takes  part  in  that  of  their  alloys  approximately  in  the  ratio  of  their 
relative  volumes.    He  gives  a  table  of  the  expansion  of  several  alloys 

which  tends  to  confirm  his  statement. 

» 

CONDUCTIVITY  FOR  HEAT. 

The  power  of  the  alloys  to  conduct  heat  has  been  examined  with  great 
care  by  several  experimenters.  The  pui  dished  results  are  not  always 
concordant,  but  the  ditterenees  may  be  partially  accounted  for  by  the 
various  kinds  of  apparatus  used,  and  the  great  influence  which  small 
impurities  and  changes  in  molecular  condition  and  crystalline  form  exert 
upon  conductivity. 

The  conducting  power  for  heat  in  an  alloy  is  found  in  some  cases  to 
be  the  mean  of  the  conducting  power  of  the  component  metals,  and  in 
others  to  apparently  have  no  relation  whatever  to  such*  mean.  As  ex- 
amples of  the  first  case  may  be  cited  the  alloys  of  tin  and  zinc  and  tin 
and  lead;  and  of  the  second,  the  alloys  of  gold  and  silver  and  gold  and 
copi)er.  From  this  circumstance  it  has  been  expected  that  the  heat-con- 
ducting power  could  be  used  as  a  means  of  determining  whether  an 
alloy  is  a  chemical  compound  or  a  simple  mixture.  As  before  stated, 
however,  the  anthorities  differ  widely  on  this  point. 

Messrs.  Weidemann  and  Franz,t  in  1853,  made  some  experiments  on 
the  conducting  power  of  the  metals  and  of  a  few  of  the  alloys,  using  a 
thermoelectroscope  as  an  apparatus. 

In  1858,  Calvert  and  Johnson  j:  made  an  extensive  research  on  alloys 
formed  from  pure  metals,  using  an  apparatus  of  their  own  invention, 
by  which  the  relative  conducting  power  was  shown  by  the  rise  in  tem- 
perature in  a  given  time  of  a  given  volume  of  water  secured  in  a  box  at 
one  end  of  the  bar,  while  the  other  end  of  the  bar  was  heated  to  90^  C. 
They  claim  that  the  method  which  they  employed  gave  such  consistent 

*  Jour.  Cheoi.  Soc,  vol.  6,  1867,  p.  206. 
t  Pogg.  Annalen,  vol.  89,  1653,  pp.  497-531. 
tPhil.  Trans.,  1858,  pp.  349-368. 
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results,  that  they  were  able  to  determine  the  influence  exercised  on  th^ 
conducting  power  of  the  metals  by  the  addition  of  1  or  2  per  cent,  of 
another  meUil,  and  also  to  appreciate  the  difference  of  coniluctivity  ot 
two  alloys  made  of  the  siune  metals  and  only  differing  by  a  few  per  (rent. 
in  the  relative  proportions  of  the  metals  composing  them.  They  fouml 
also  that  the  conducting  ]>ower  of  metals  was  dilierent  when  they  wen? 
rolled  out  into  bars  or  cast,  and  that  it  was  modilied  by  molecular  ar 
rangement  or  ]X)sition  of  tlie  axes  of  crystallization,  as  wa8  shown  h\ 
the  different  conducting  i>ower  of  metals  cast  horizontally  and  vertically. 
Some  curious  results  were  observed  in  regard  to  alloys  of  gold  and  silver. 
Silver  being  the  best  conductor,  its  conductivity  is  rated  i»»  1,UOO,  and 
that  of  gold,  the  next,  is  981;  but  gold  alloj'ed  with  1  per  cent,  of  silver 
has  a  relative  conductivity  of  only  840. 

The  conduction  of  heat  bv  alloys,  according  to  Calvert  and  Johnson, 
may  be  (considered  under  three  general  heiuls: 

1.  Alloys  which  conduct  heat  in  ratio  with  the  relative  equivalents  of  the 
metals  composing  them. 

2.  Alloys  in  which  there  is  an  excess  of  equivalents  of  the  worse  conduct 
in{i  metal  over  the  number  of  equivalents  of  the  better  conductor^  such  as 
alloys  composed  of  1  On  and  2  Sn,  1  Cu  and  3  Sn,  &c.,  and  which  pre 
sent  the  curious  and  unexpected  rule  that  they  conduct  Iieat  €is  if  they  did 
not  contain  a  particle  of  the  better  conductor^  the  conducting  power  of  such 
alloys  being  the  same  as  if  the  bar  wa«  entirely  composeil  of  the  worse  cod 
ducting  metal.  A  not  less  remarkable  tact  is  that  the  alloys  of  a  serie.s, 
such  as  those  of  2  equivalents  of  bismuth  and  I  of  lead,  3  Bi  and  1  Pb, 
4  Bi  and  1  Pb,  all  conduct  heat  alike,  the  various  incrcjising  quantities 
of  lead  exercising  no  influence  on  the  conductivity. 

The  results  obtained  with  this  class  of  alloys  are  most  important  to 
engineers;  for  it  will  be  seen  in  the  case  of  alloys  of  brass  and  bronze 
that  no  increase  is  gained  in  the  (lonductivity  of  an  alloy  by  increasing' 
the  quantity  of  a  gooil  conductor;  nay,  in  many  cases  it  would  be  a 
decided  loss,  unless  a  sufficient  quantity  of  the  better  conducting  metal 
be  employed  to  bring  the  alloy  under  the  third  head. 

3.  Alloys  composed  of  the  same  metals  as  the  last  class^  but  in  which  the 
number  of  equivalents  of  the  better  conducting  metal  is  greater  than  tiie  num 
ber  of  equivalents  of  the  worse  conductor;  for  example,  alloys  composed 
of  1  Sii  2  Cu,  1  Sn  3  Cu,  &c.  In  this  case  esich  alloy  has  its  own  arbi- 
trary conducting  power;  the  conductivity  of  such  an  alloy  gradually 
increases  and  tends  towards  the  conducting  power  of  the  better  con- 
ductor. 

In  a  later  experiment  upon  the  conductivity  of  mercury  and  the  araal 
gams,  Calvert  and  Johnson*  discovered  that  the^^  had  made  a  great 
mistake  in  their  first  experiment  in  determining  the  conductivity  of  mer- 
cury, by  disregarding  the  fact  that  convection  of  the  liquid  increased 
the  apparent  conductivity.  In  the  first  experiments  they  found  the  ap- 
parent relative  conductivity  to  be  G77,  silver  being  1,000;  but  in  the  later 
experiments  they  determined  the  real  relative  conductivity  to  l>e  only  o^^ 
or  less  than  that  of  any  other  metal.  In  regard  to  the  fluid  amalgams, 
they  found  in  all  cases  that  their  conductivity  was  nearlj^  the  same  »$ 
that  of  pure  mercury. 

Weidemann,  t  in  1859,  published  a  paper  in  which  he  calls  in  question 
the  accuracy  of  the  results  found  by  Calvert  and  Johnson,  and  criticises 
the  apparatus  they  used  and  the  small  size  of  the  bars  upon  which  they 

*rhil.  TniDS.,  1859,  pp.  831-835. 

iPogg.  Annalen,  vol.  108,  1859,  pp.  393-406. 
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experimented.    He  also  gives  the  results  of  some  experiments  which  he 
has  made  upon  the  eouductivity  of  a  few  alloys. 

Matthiessen*  describes  a  simple  apparatus  for  showing  the  different 
conductivities  of  alloys.  He  also  states  that  the  conductivity  for  heat 
furnishes  no  evidence  of  whether  an  alloy  is  a  chemical  compound  or  a 
mixtnre. 

CONDUCTIVITY  FOE  ELECTRICITY. 

The  conductivity  for  electricity,  like  the  conductivity  for  he^t,  is  one 
of  the  properties  which  in  some  alloys  is  the  mean  of  that  of  the  compo- 
nent metals,  and  in  others  seems  to  have  no  relation  whatever  to  such 
mean. 

There  have  been  a  large  number  of  experiments  made  upon  the  elec- 
tric conductivity  of  the  alloys,  but  in  this,  as  in  the  examination  of  other 
properties,  with  widely  varjiug  results.  In  the  first  place,  the  determi- 
uations  of  the  conducting  powers  of  the  metals  themselves  are  far  from 
agreeing,  as,  for  instance,  the  conductivity  of  copper,  according  to  dif- 
ferent experimenters,  is  given  at  numbers  ranging  from  CO  to  100,  pure 
silver  being  ICKK 

Again,  Matthiessent  has  shown  that  small  traces  of  the  metals,  and 
especially  of  the  metalloids,  reduce  the  conductivity  of  copi)er  to  a  great 
extent.  Be  states,  also,  that  there  is  no  alloy  of  copper  which  conducts 
electricity  better  than  i>nre  copper,  and  that  the  fact  of  the  wires  exper- 
imented upon  being  annealed  or  hard  drawn  causes  a  nuirke<l  difference 
in  the  values  oi)taint'd,  annealed  wire  being  a  better  conductor  than  hard 
drawn  ;  and,  further,  that  temperature  has  likewise  a  marked  influence, 
the  metals  losing  in  conducting  power  as  the  temi)eratui-e  increases. 

In  1833,  Professor  P'orbesJ  ])ublishedthe  statement  that  the  order  of 
conducting  i)owers  of  the  metals  for  heat  and  for  electricity  is  the  same. 
He  states,  as  a  general  conclusion,  "  that  the  arrangement  of  metallic 
conductors  of  heat  does  not  differ  more  from  that  of  those  of  electricity 
than  either  arrangement  does  alone  under  the  hands  of  different  observ- 
ers." 

Twenty  years  later,  Weidemann  and  Franz  §  arrived  at  the  same  con- 
clusion in  regard  to  brass  and  German  silver,  and  Weidemann  jl  in  1859 
concluded  the  same  in  regard  tc  alloys  in  general.  Weidemann  and 
Franz  remarked  that  whatever  the  quality  may  be  upon  wiiich  calorific 
conduction  depends,  the  close  agreement  of  the  figures  renders  it  exceed- 
ingly probable  that  the  same  quality  influences  in  a  similar  manner  the 
transmission  of  electricity;  for  the  divergence  of  the  numbers  express- 
ing the  conductivity  for  heat  from  those  exj)ressing  the  ex)nductivity  for 
electricity  are  not  greater  than  the  divergences  of  the  latter  alone,  ex- 
hibited by  the  results  of  different  observers. 

The  most  extensive  series  of  investigations  upon  the  electric  conduc- 
tivity of  alloys  lias  been  made  by  Matthiessen.  His  results  are  published 
in  the  following  i)aper8:  "On  the  Electric  Conducting  Power  of  the  Met- 
als'';tl  "On  the  Electric  Conducting  Power  of  Alloys";**  "On  the 
Influence  of  Temperature  on  the  Ele.  trie  Conducting  Power  of  Alloys";tt 
"  On  theThermo-Electric  Series  ";tt "  On  the  Effect  of  the  Presence  of  the 

*Jour.  Chein.  Soc,  vol.  5,  1867,  p.  213. 

t  Phil.  Trans.,  IWJO,  pp.  85-92. 
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Metals  and  Metalloids  upon  tbe  Electric  Oonducting  Power  of  ?qi« 
Copper'^;*  "On  the  Chemical  Nature  of  Alloys ".t 

It  was  chiefly  from  these  researches  that  Matthiessen  arrived  at  \h 
conclusions  in  regard  Uy  the  question  whether  alloys  are  chemical  (^>n: 
pounds  or  mixtures,  which  have  already  been  given  under  the  head  of 
the  chemical  nature  of  alloys. 

In  regard  to  the  conducting  ]>ower  for  electricity  of  the  alloys,  Mat- 
thiessen divides  the  metals  into  two  classes: 

Class  A. — Those  metals  which,  when  alloyed  with  one  another,  con-  ■ 
duct  electricity  in  the  ratio  of  their  relative  volumes. 

Class  B. — ^Those  metals  which,  when  alloyed  with  one  of  the  mctaLi 
belonging  to  class  A,  or  with  one  another,  do  not  condact  electricity  in 
the  ratio  of  their  relative  volumes,  but  always  in  a  lower  degree  than 
the  mean  of  their  volumes. 

To  Class  A  belong  lea<l,  tin,  zinc,  and  cadmium.  To  class  B  belong 
bismuth,  mercury,  antimony,  platinum,  palladium,  iron,  aluminuiu,  gold, 
copper,  silver,  and  in  all  probability  most  of  the  other  metals. 

CRYSTALLIZATION. 

The  crystallization  of  alloys  exhibits  some  curious  phenomena.  It 
was  formerly  supposed  that  if  a  distinct  crystal  of  an  alloy  were  found, 
it  would  have  a  definite  chemical  couiposition,  and  would  show  that  the 
alloy  was  not  a  mixture,  but  a  veritable  chemical  compound. 

In  1854,  however,  Prof.  J.  P.  Cooke  %  published  a  paper  on  two  ens- 
talline  compounds  of  zinc  and  antimony,  which  exhibited  such  pniper- 
ties  as  jusiiiied  him  in  considering  them  definite  chemical  comi>ouiuls. 
To  distinguish  them,  he  gave  them  the  names  of  Stibiotrizincyle,  with 
the  formula  Sb  Zua,  and  Stibiobizincyle,  with  the  formula  Sb  Zdj.  In 
the  paper  named,  the  crystalline  form  and  other  proi)erties  are  fully  de- 
scribed. 

A  short  time  afterward,  it  was  found  that  well-defined  crystals,  lil^e 
those  described  as  Sb  Zua,  were  obtained  from  the  alloys  containing  ))e' 
tween  43  and  60  per  cent,  of  zinc;  and  even  in  alloys  of  a  higher  zinc 
percentage  crystals  of  the  same  form  were  still  seen,  although  they  were 
no  longer  well  defined.  In  the  alloys  containing  between  20  and  3^  p^r 
cent,  of  zinc,  well-defined  crystals,  like  those  describeil  as  Sb  Zn„  were 
formed;  and  finally,  there  se[)arat^'d  from  the  alloys  containing  betwe**n 
33  and  42  per  cent,  of  zinc,  thin  metallic  plates,  which  evidently  belonged 
to  the  same  crystalline  ibrm.§ 

Tbe  same  fact  has  been  observed  by  Matthiessen  and  Von  Bose||  in 
regard  to  the  alloys  of  gold  and  tin,  namely,  that  well-defined  crystiiU 
are  not  limited  to  one  definite  proportion  of  the  constituents  of  an  alloy, 
but  are  common  to  all  gold-tin  alloys  containing  fi-om  43  to  27.4  i)er cent. 
of  gold.  They  also  found  in  the  case  of  these  alloys  that  the  crystal?' 
and  the  mother  liquor  were  never  of  the  same  composition,  the  peiveiit- 
ag<i  of  gold  in  the  mother  liquor  being  nmch  below  that  in  the  crystals. 

From  experiments  by  F.  H.  Storer,1f  it  appears  that  the  alloys  of  cop- 
per and  zinc  yield  crystals,  sometimes  exhibiting  distinct  octahcnlral 
faces,  sometimes  in  confused  aggregates  of  crystals,  but  all  of  octaliedm) 
character,  and  bearing  a  striking  resemblance  to  the  crj'stals  of  p«re 

*piiil.  Trans,,  18()0,  pp,  85-9-2. 

t  Britisli  Assoc.  Beports,  1803,  pp.  37-48. 

i  Am.  Jmir.  Arts  &  Sci.,  vol.  18,  18:4,  pp.  229-237. 

\  Am.  Jour.  Arts  «&  Sci.,  vol.  20,  1855,  pp.  222-23S. 

II  Proc.  Roy.  Soc,  1860-^62,  pp.  433-43G. 

II  Memoirs  of  the  American  Academy,  vol.  8, 1863|  pp.  27-<56, 
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copper  obtained  by  fusion.  None  of  the  crystals  were  foand  to  contain 
a  larger  proportion  of  either  metal  than  the  remainder  of  the  molten 
liquid  from  which  they  had  8ei)arated.  Storer  concludes  that  all  the 
alloys  of  copper  and  zinc  crystallize  in  the  regular  system,  and  that  they 
are  not  definite  atomic  compounds,  but  merely  isomorphous  mixtures  of 
the  two  metals. 

Calvert  and  Johnson*  have  also  noticed  the  crystallization  of  the  alloys 
of  copper  and  zinc,  and  state  that  it  is  probable  that  Cu2  Zn,  and  CU3 
Zn  are  definite  compounds,  as  they  are  perfectly  crystallized,  and  have 
also  a  special  heat-conducting  power  of  their  own.  They  state  that  the 
most  splendid  of  all  the  brass  alloys  is  the  alloy  Gu  Zn,  which  is  of  a 
beautiful  gold  color,  and  crystallizes  in  prisms  often  3  centimeters  long. 

Slow  cooling  of  an  alloy  is  apt  to  favor  the  separate  crystallization  of 
one  or  more  of  its  components,  and  thus  render  it  brittle.  Sometimes 
in  casi  ing  an  alloy  in  large  masses,  there  will  be  a  partial  separation  of 
the  constituents,  and  crystals  of  diil'erent  composition  will  be  found  at 
the  top  and  bottom  of  the  mass,  those  at  the  bottom  usually  containing 
the  larger  percentage  of  the  metal  which  has  the  greater  specific  gravity. 
This  phenomenon  has  already  been  noted  under  the  head  of  liquation. 

OXIDATION  AND  ACTION  OP  ACIDS. 

But  few  experiments  have  been  made  to  determine  the  rate  of  oxida- 
tion or  corrosion  of  the  alloys  by  atmospheric  influences  or  by  the  action 
of  acids.  It  is  generally  found  that  the  action  of  the  atmosphere  is  less 
on  alloys  than  on  their  component  metals.  An  instance  of  this  is  the 
ancient  bronze  statues  and  coins,  some  of  the  latter  of  which  have  their 
characters  still  legible,  although  they  have  been  exposed  to  the  effects 
of  air  and  moisture  for  upward  of  twenty  centuries. 

The  action  of  the  atmosphere  on  an  alloy  heated  to  a  high  tempera- 
ture is  sometimes  quite  energetic,  as  is  shown  in  the  alloy  of  three  parts 
lead  and  one  of  tin,  which,  when  heated  to  redness,  burns  briskly  to  a 
red  oxide.  When  two  metals,  as  copper  and  tin,  are  combined,  which 
oxidize  at  different  temperatures,  they  may  be  separated  by  continued 
fusion  with  exposure  to  the  air.  Cupellation  of  the  precious  metals  is 
a  like  phenomenon. 

Mushett  found  that  unrefined  copper  resisted  the  action  of  muriatic 
acid  better  than  pure  copper.  This  he  thought  was  due  to  the  presence 
of  tin  in  the  unrefined  copper,  as  he  found  that  an  alloy  of  copper  con- 
tainiug  about  3  per  cent,  of  tin  resisted  the  action  of  acid  to  still  greater 
extent.    The  latter  he  recommends  for  the  purpose  of  ship-sheat^ing. 

Calvert  and  Johnsouj:  have  made  several  experiments  to  determine 
the  action  of  nitric,  hydrochloric,  and  sulphuric  acids  upon  alloys  of  cop- 
per and  zinc  and  copper  and  tin.  Some  of  the  results  they  obtained  were 
entirely  unexpected,  Nitric  acid  of  1.14  specific  gravity  was  found  to 
dissolve  the  two  metals  in  an  alloy  of  zinc  and  copper  in  the  exact  pro- 
portion in  which  they  exist  in  the  alloy  employed,  while  an  acid  of  1.08 
specific  gravity  dissolved  nearly  the  whole  of  the  zinc  and  only  a  small 
(inantity  of  the  copper.  Hydrochloric  acid  of  1.05  specific  gravity  was 
found  to  be  completely  inactive  on  all  alloys  of  copper  and  zinc  contain- 
ing an  excess  of  copper,  and  especially  on  the  alloy  containing  equiva- 
lent  pro])ortions  of  each  metal.  Zinc  was  found  to  have  an  extraordinary 
preventive  influence  on  the  action  of  strong  sulphuric  acid  on  copper. 

*Phil.  Trans.,  1858,  p.  367. 
tPbil.  Mdg  ,  vol.  6,  1835,  pp.  444-^47. 

tPbil.  Mag.,  vol.  10,  1855,  pp.  250,  251;  also,  Jour.  Cheni.  Soc,  vol.  19,  1866,  pp. 
434-454. 


492  TESTS   OP   METALS. 

The  alloys  of  copper  and  tia  were  all  found  to  reaist  the  actioa  of  iiitr. 
acid  more  than  pure  copper,  but  the  preventive  influence  of  tin  preM'.!> 
the  peculiarity  that  the  action  of  the  a<;id  increases  as  the  proportum  • 
tin  increases;  thus  the  alloy  Cu  Sn^  is  attacked  ten  times  more  lis./ 
the  alloy  Cu  Su.    The  alloys  Sn  Ou2  and  Sn  CU3  were  attacked  by  sirxK.; 
sulphuric  acid  with  more  violence  than  any  other  of  the  bronzes. 

Three  alloys,  viz,  Cuio,  Zn  Sn,  Guio  Zn  Sn,  and  Cu*  Znj,  were  foir: 
to  be  only  slightly  attacked  by  strong  nitric  or  hydrochloric  acids,  ai; 
not  at  all  by  sulphuric  acid.    The  resistance  to  the  action  of  nitric  ;ii 
is  remarkable,  as  its  action  on  each  of  the  component  metals  Ls  \*t: 
violent. 

A.  Bauer*  has  recently  published  in  the  Berichte  der  deuUchen  vh  * 
ischen  Oesellscha/t  the  result  of  some  experiments  on  the  action  of  h 
sulphuric  acid  on  several  alloys  of  lead.    These  exi)eriments  show  tL  • 
the  addition  of  a  little  antimony  or  copper  renders  the  alloy  more  al 
to  resist  sulphuric  acid,  while  bismuth  has  a  decidedly  injurious  eliW' 

HARDNESS  AND  OTHEE  MECHANICAL  PBOPEBTIX^S. 

The  mechanical  properties  of  the  alloys,  such  as  hardness,  mall' . 
bility,  ductility,  resistance  to  strains  of  tension,  compression,  and  t' : 
sion,  elasticity,  resilience,  &c.,  are  of  the  utmost  importance  to  the  en.* 
neer,  but,  at  the  same  time,  it  is  most  difficult  to  find  reliable  intVri! . 
tion  regarding  them.    But  few  experimenters  of  authority  have  iuvt  > 
gated  the  subject,  and  their  researches,  although  valuable  as  far  as  rli* 
go,  are  too  limited  in  extent  to  allow  of  a  complete  classification  u- 
comparison.     A  few  alloys  which  are  of  special  service  in  the  arts  li  • 
been  well  studied  by  those  w^ho  have  had  occasion  to  use  them,  wit! 
liew  to  learn  their  mechanical  properties,  not  as  a  matter  of  seient  ' 
interest,  but  as  an  actual  necessity.    This  has  been  the  case  esi>efia. 
with  the  various  gun-metals,  upon  which  many  experiments  have  b  • 
made  under  authority  of  the  different  governuKjnts,  so  that  anion;: 
the  alloys  our  knowledge  of  the  gun-metals  is  the  most  extensive  a: 
accurate.    In  like  manner  the  properties  of  journal  and  anti-frirti< 
metals  have  been  investigated  by  those  who  are  concerned  in  tlieir  nian.. 
facture  and  use. 

With  these,  and  a  few  other  exceptions,  however,  our  infonnation  « : 
the  mechanical  ])roperties  of  the  alloys  is  ver^^  meager.    It  will  W  :: 
endeavor  of  the  Committee,  as  far  as  possible,  to  supply  this  manit<  - 
want  by  a  series  of  experiments  on  a  large  number  of  alloys,  testi* . 
them  for  all  the  mechanical  properties  above  named. 

The  hardness  of  some  of  the  alloys  has  been  invesligated  by  Calv* 
and  Johhson.t    They  used  an  apparatus  for  determining  the  ha:  dm  - 
which  consists,  chiefly,  of  a  conical  steel  point  of  a  certain  size,  whic  J.  - 
pushed  into  the  material  whose  hardness  is  to  be  determined  a  *:\\> 
dist^ince  by  means  of  weights  applied  at  the  end  of  a  lever.     The  i«' 
tive  hardness  is  shown  by  the  weight  required  for  the  different  maten  .  - 

A  somewhat  similar  ajiparatus  was  used  by  Major  Wade  t  in  tU^u 
mining  the  hardness  of  gun-metal,  but  he  used  a  diamondshax>etl  jw 
and  a  fixed  weight,  determining  the  relative  hardness  by  the  di^sta-. 
which  the  i)oint  was  pushed  into  tlie  metal.    General  Uchatius,§  in  t  ^ 
periments  for  the  Austrian  Government,  used  an  indenting  tool,  win 
was  forced  into  the  metal  to  be  tested  by  a  weight  of  4.4  |)ouuds  fall 
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through  a  beight  of  9^  inches.    The  shorter  the  cut  made  by  the  indent- 
ing tool  the  greater  was  the  hardness. 

Mallet,*  in  1842,  in  his  experiments  on  the  allo.vs  of  coi)per  and  tin 
and  copper  and  zinc  det-ennined  their  tensile  strength,  and  also  the  order 
of  their  ductility,  malleability,  and  hardness.  In  his  work  on  the  Con- 
struction of  Artillery ,t  published  in  1850,  the  same  author  discusses  the 
physiciil  and  mechanical  properties  of  gun-metal,  showing  the  eftects  of 
Hudden  and  of  rapitl  cooling,  and  the  deteriorating  effect  of  small  pro- 
portions of  a  third  metal,  such  as  iron,  zinc,  lead,  or  antimony. 

In  regard  to  the  extent  of  our  knowledge  upon  these  subjects,  he  re- 
marks: ^'Gun-metal,  probably  the  very  earliest  used  material  for  can- 
non, is  that  which  has  received  the  least  improvement  or  systematiza- 
tion  of  onr  knowledge  as  to  its  use,  up  to  the  ])resent  time;  the  arch- 
aeologist finds  the  rude  weapons  of  Scandinavian,  Celtic,  Egyptian, 
(irreek,  and  Roman  warfare  formed  of  nearly  the  same  alloys  of  copper 
and  tin,  and  in  about  the  same  proportions  as  the  cannon  of  to-day." 

The  circumstances  of  chief  difficulty  and  importance  in  the  manipu- 
lation of  guii-metal,  as  affecting  the  production  of  cannon,  are: 

1st.  The  chemical  constitution  of  the  alloy,  as  influencing  the  balance 
of  its  hardness,  rigidity,  or  ductility,  and  tenacity. 

2d.  Its  chemical  constitution,  and  what  other  conditions,  influence  the 
segregation  of  the  cooling  mass  of  the  gun  when  cast  into  two  or  more 
alloys  of  different  and  often  variable  composition. 

3(1.  The  efifects  of  rapid  and  of  slow  cooling,  and  of  the  temperature 
at  which  the  metal  is  fused  and  jwured. 

4th.  The  effects  due  to  repeated  fusions,  and  to  foreign  constituents, 
in  minute  proportions  entering  into  the  alloy. 

The  circumstances  of  manipulation,  as  above  named,  have  already 
been  shown  to  have  a  vast  influence  upon  nearly  all  the  properties  of 
the  alloys,  and  their  study  is  of  the  greatest  importance,  not  only  in 
reference  to  gun-metals,  but  to  all  alloys  which  may  be  used  as  materials 
of  construction. 

In  connection  with  the  subject  of  gun-metal,  the  experiments  lately 
made  by  General  Uchatiust  for  the  Austrian  Government  are  of  interest. 
He  found  that  the  tenacity,  elasticity,  and  hardness  of  bronze  were  in- 
creased to  an  extraordinary  degree  by  driving  a  series  of  conical  steel 
mandrels  or  plugs,  gradually  increasing  in  size,into  the  bore  of  the  gun. 
The  metal  in  the  interior  of  the  gun  whs  thus  stretched  or  strained  much 
beyond  its  elastic  limit,  and  was  theiTby  given  a  new  molecular  condi- 
tion, which  enables  it  better  to  resist  both  the  expansive  force  of  the  ex- 
ploded powder  and  the  abrading  eff'ects  of  the  ^hol. 

The  results  of  the  experiments  of  General  Uchatins  have  been  com- 
municated to  the  Ordnance  Depaitnieut  of  the  United  States  by  Col. 
T.  T.  S.  Laidley,  U.  S.  A.,  who  calls  attention  to  the  fact  that  experi- 
ments were  made  upon  bronze,  with  a  view  to  improve  its  quality  for 
guns,  by  Mr.  S.  B.  Dean,  of  Boston,  in  18D8-'G9,  at  which  time  he  used 
the  identical  mode  of  improving  the  bronze  ado[)ted  by  General  Ucha- 
tins some  four  years  later.  Patents  for  the  improvement  were  secured 
in  May,  18G9,  not  only  in  this  country,  but  also  in  England,  France,  and 
Austria.  The  want  of  funds  rendered  it  necessary  lor  Mr.  Dean's  ex- 
periments to  be  discontinued. 

Bischof  §  describes  an  apparatus  for  determining  the  qualities  of  the 

*Phil.  Mag.,  vol.  21,  1H42,  pp.  6(>-68. 

t Mallet,  Coiistrnctioii  of  ArliUery,  Loudon,  185C,  pp.  80-101. 
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malleable  metals  and  alloys,  wbich  is  baaed  upon  the  principle  that 
'' superior  qualities  of  malleable  metals  and  alloys  are  characterized  k 
their  being  able  permanently  to  extend  in  all  directions  by  rolling  or 
hammering  without  rupture,  while  inferior  qualities  break  before  reacb- 
ing  the  maximum  of  extension  wbich  the  former  can  endure.''  Hisai^ 
paratus  is  used  to  bend  the  metal  or  alloy  to  be  tested^  which  is  of  a 
certain  size  and  shape,  in  contrary  directions  through  a  certain  angle. 
The  oftener  the  piece  can  be  so  bent  without  breaking  the  better  is  its 
quality. 
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of  a  hard  shell  of  metal  with  a  softer  metal  for  the  bearings  of  axles. 

Babinet.  Rapport  sur  deux  mimoires  de  Wertheim  intitulSs  Rechtrd^ 
mr  r^lastioitS,  Report  on  two  memoirs  of  M.  Wertheim  entitled  B^ 
searches  on  elasticity.     Comptes  Eetidus^  vol.  18, 1844,  pp.  921-y3'^' 

(See  Wertheim.) 

Barbuel.  Sur  un  nouvel  alliage  d?argent  remarquable  par  sa  dureif- 
On  a  new  alloy  of  silver  remarkable  for  its  hardness.  By  Germaiii 
Barruel.     Comptes  BendtiSy  vol.  33, 1852,  p.  759. 

Bauer.  Action  of  Sulphuric  Acid  on  Lead  and  its  Alloys.  By  A.  Baner. 
Published  recently  in  the  Berichte  der  deutschen  cliemischen  OeselM^r 
Scientific  American,  vol.  33,  p.  135,  August  28,  1875. 
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Behthieb.    Legirungen  von  Zinc  und  Uisen.    Alloys  of  zinc  and  iron. 

Liebig's  Annalenj  vol.  40, 1841,  pp.  180-189. 
Besley.    An  Improved  Manufacture  of  Metallic  Alloy.    British  patent, 

June  28, 1855,  No.  1478. 

Applicable  to  tbo  casting  of  type  and  other  metals.  Contains  100  parts  lead, 
30  antimony,  20  tin,  8  nickel,  5  cobalt,  8  copper,  2  bismath. 

BiscHOF.  On  a  New  System  of  Testing  the  Quality  of  the  Malleable 
Metals  and  Alloys.  By  Gustav  Bischof,  jr.  British  Assoc.  Eeports, 
2,  1870,  pp.  209,210. 

Describes  an  apparatus  termed  a  **  Metallometer,''  nsed  for  determining  tbe 
qnalitj^  of  the  malleable  metals  and  alloys  by  bending  them  in  contrary 
directions. 

BiscHOFF.  Das  Kupfer  und  seine  Legirungen^  mit  hesonderer  BerUcJc- 
sichtigung  ihrer  Anwendung  in  der  Technick.  Dr.  Carl  Bischoff,  Berlin, 
1865. 

Bolley.  Essais  et  recherchea  ohimiqv^.  By  Professor  P.  A-  Bolley. 
1  vol.,  748  pp.    Paris,  1869. 

Chapter  XIV,  on  alloys,  describes  a  large  number  of  useful  alloys,  with  their 
composition. 

Physical  Properties  of  some  Alloys  of  Tin  and  Lead.    Jour. 

Chem.  Soc,  vol.  16,  1862,  pp.  30-36.    Dingler's  Journalj  vol.  162, 
1861,  p.  217. 

Extracts  from  a  prize  essay  by  G.  Pillichody,  of  Berne.  Gives  the  fusing  points 
and  specific  gravities. 

Dw  hekannten  teehnisch  gehrauchten  Metallleginmgen.    The  known 

technically  employed  alloys.    Dingler's  Journal^  vci.  129, 1853,  pp. 
438-444. 

Contains  tables  of  a  large  number  of  useful  alloys. 

BoussiNGAULT.    Ifoie  sur  la  comhinaison  du  silicium  avec  le  platine^  et 

8ur  saprisence  dans  Vacier.    Note  on  the  combination  of  silicon  with 

platinum,  and  on  its  presence  in  steel.    Ann,  de  Ohim.^  vol.  16, 1821, 

pp.  5-15. 
On  the  Alloys  of  Steel.    Quart.  Jour.  Science,  vol.  12, 1822,  pp. 

316-318. 
Brooman.   yeue  Mttalllegirung  fur  OlocJcenj  etc.   New  alloy  for  bells,  etc. 

By  R.  A.  Brooman.    Dingler's  Journal^  vol.  173,  1864,  pp.  285-286. 

From  the  London  Journal  of  Arts,  May,  1864,  p.  264. 
Brunnee.    Analyse  von  Metalllegirungen.    Analysis  of  alloys.    By  C. 

Brunner.    Erdmann's  Journal^  vol.  58, 18*)3,  pp.  445-446. 
Calvert  and  Johnson.    On  Alloys.  By  F.  Crace  Calvert,  F.  R.  S,,  and 

Richard  Johnson,  F.  C.  S.    British  Assoc.  Reports,  2, 1855,  pp.  50-51. 

Phil.  Mag.,  vol.  10,  1855,  pp.  240-251.     Comptes  Rendus^  vol.  41,  1855, 

pp.  529-53'J.    Erdmann's  Journal^  vol.  67,  1856,  pp.  212-216.    Ding- 

ler's  Journal^  vol.  138,  1855,  p.  282. 

Account  of  the  beginring  of  a  series  of  experiments  on  the  alloys.  Alloys  of 
the  following  metals  are  described :  Iron  and  potassium,  iron  and  aluminum, 
iron  and  zinc,  zinc,  tin,  and  copper.  This  paper  also  describes  the  action 
of  acids  on  some  of  the  alloys. 

Calvert.  On  *.he  Expansion  of  Metals,  Alloys,  and  Salts.  By  F.  Crace 
Calvert,  F.  B.  S.    British  Assoc.  Reports,  2, 1858,  pp.  46,  47. 

Marked  differences  between  results  and  those  of  other  experimenters.  In  all 
the  alloys  examined  the  expansion  was  far  less  than  that  deduced  &om 
their  equivalents. 
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Calvert  and  Johkson.  On  the  Relative  Power  of  Metals  and  Allrv> 
to  Conduct  Heat.  By  F.  Crace  Calvert,  F.  R.  S.,  and  Richanl  Jobn 
son,  F.  C.  S.     Phil.  Trans.,  1858,  pp.  349-368.    Phil.  Majr.,  vol  \^\. 

1858,  pp.  381-383.     Comptes  Rendus^  vol.  47,  1858,  pp.  1OC9-1072. 

An  extensive  research  on  the  conductivity  of  metals  and  aUoyn. 

On  the  Hardness  of  Metals  and  Alloys.     PhiL  Mag.,  vol.  17. 

1859,  pp.  114-121.     Jour.  Frank.  Inst.,  vol.  37,  1855,   pp.  198-J«^i. 
Pogg.  Annalen^  vol.  118,  1859,  pp.  575-582. 

Description  of  now  apparatus  used  and  results  obtained  on  several  metals  n.  1 
alloys. 

On  the  Specific  Gravities  of  Alloys.    Phil.  Mag.,  voL  18,  Iv^. 

pp.  354-359.     British  Assoc.  Reports,  1859,  pp.  66,  67. 

r 

Specific  gravities  of  a  large  number  of  aUoys,  with  discussion  of  results. 

On  the  Conductivity  of  Mercury  and  t^ie  Amalgams.    Phil,  Trai)>- 


1859,  pp.  831-835     Proc.  Roy.  Soc,  voL  10, 1859-'60,  pp.  14-16. 

The  conductivity  of  the  fluid  amalgams  was  found  to  be  nearly  the  samr- . 
that  of  pure  mercury,  which  is  lower  than  >(iat  of  any  other  tuetal. 

Action  of  Acids  upon  Metals  and  Alloys.    Jour.  Ckem.  S<»i 


vol.  19,  1§66,  pp.  434-454. 

Action  of  sulphuric,  hydrochloric,  and  nitric  acids  described.     Some  cur 
and  unexpected  results  were  obtained. 

Calvebt  and  Lowk.  On  the  Expansion  of  Metals  and  Alloys.  I5y  F 
Crace  Calvert,  F.  R.  S.,  and  G.  Cliff  Lowe,  esq.  Chemical  ^>^T- 
voL  3, 1861,  pp.  315-317, 357-359^  371-^73.  Phil.  Mag.,  voL  20,  is.. 
pp.  230-233. 

The  results  obtained  agreed  with  those  of  other  oxx>erimenters  only  ^ . 
commercial  metals  were  used.  When  pure  metals  were  used,  the  le- 
differ. 

Cabon.    Allia{ie  de  baHum^  de  strontium^  de  calcium  et  de  sodium.    All- ■ 
of  barium,  strontium,  calcium,  and  sodium.     Comptes  Rendusy  vol.  4^ 
1859,  pp.  440,  442. 

Chaudet.    Note  contenant  qvelques  experiences  relaHves  d-    Paction 
Vacide  hydrochloriqxie  sur  les  aUiages  de  cuivreet  d^Stmn,     Note  contit 
ing  some  experiments  relative  to  the  action  of  hydrochloric  acid  ■ 
the  alloys  of  copper  and  tin.    By  M.  Chaudet.    Ann.  de  Chim.^  vol.' 
1817,  pp.  275-283. 

Note  contenant  quelques  experiences  relatives  h  Taction   de  Ta* 

hydrochhrique  sur  les  atliages  (Vetain  et  Wantimoine,  Note,  &c.,  at  r. 
of  hydrochloric  acid  on  the  alloys  of  tin  and  antimony.  Ann.  de  L'h  ' 
1816,  vol.  3,  pp.  376-386. 

Note  contenant  quelques  experiences  relatives  h  Faction  de  r, 


r« 


hydrochlorique  sur  les  alUages  d^etain  etde  bismuth.    Note,  &c.,  aoti<'' 
hydrochloric  acid  on  the  alloys  of  tin  and  bcsmuth.    Ann,  de  <• 
vol.  5,  1817,  pp.  142-149. 
Clarke.    The  Constants  of  Nature.    Part  1.    Edited  by  Frank  AV . 
glesworth  Clarke.   Published  by  the  Smithsonian  Institution,  Wa- 
ington,  D.  C,  1873. 

Contains  a  very  complete  and  valuable  table  of  the  specific  gravities  of  ' 
alloys,  with  the  melting  points  of  a  few,  and  the  names  of  the  aathi>r  r 

Cooke.  On  Stibiotrizincyle  and  Stibiobizincyle,  two  New  Componnii^ 
Zinc  and  Antimony,  with  some  Remarks  on  the  Decomposition 
Water  by  the  Alloys  of  these  Metals.  By  Josiah  P.  Cooke,  jr.  A 
Jour.  Arts  and  Sci.,  vol.  18, 1854,  pp.  229-237.  Erdmann's  Jou*  • 
vol.  64, 1855,  pp.  90-92, 
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CooKB.  On  Two  New  Crystalline  Compounds  of  Zinc  and  Antimony,  and 

on  tbe  Cause  of  the  Variation  of  Composition  observed  in  the  Crystals. 

Memoirs  of  the  American  Academy,  vol.  5,  1855,  pp.  337-371. 
On  an  Apparent  Perturbation  of  the  Law  of  Definite  Proportions 

observed  in  the  Compounds  of  Zinc  and  Antimony.    Am.  Jour.  Art 

and  Sci.,  vol.  20, 1855,  pp.  222-238. 

Crystalline  Form  not  Necessarily  an  Indication  of  Definite  Chemi- 


cal Composition ;  of ,  On  the  Possible  Variation  of  Constitution  inaMin- 
eral  Species  independent  of  Isomerism.  Am.  Jour.  Art  and  ScL,  vol. 
30,  1860,  pp.  194-204.  Phil.  Mag.,  vol.  19,  1860,  pp.  405-416.  Erd- 
mann's  Journal^  vol.  80, 1860,  pp.  411-418. 

CoDtaiDS  some  deductions  from  tbe  observations  made  on  the  crystallization 
of  the  alloys  of  zinc  and  antimony. 

Cboockewit.  Ueher  chemische  Metallverbindungen.  On  chemical  com- 
binations of  metals.  Erdmann's  Journal^  vol.  46, 1848,  pp.  87-93.  Lie- 
big's  AnnaUn^  vol.  18, 1848,  pp.  289-293. 

Contains  the  specific  gravities  of  a  number  of  alloys,  noting  the  difference  of 
specific  gravity  in  the  top  and  bottom  of  a  bar  cast  vertically. 

• 

D'Arcbt.  NoU  8ur  Vessai  des  alliages  de  platine  et  d^argent,  et  sur  Pappli- 
cation  que  Von  peutfaire  de  ceprocMS  h  Verploitation  des  mines  Wargent 
contenant  du platine.  Note  on  the  tests  of  alloys  of  platinum  and  silver 
and  on  the  application  which  might  be  made  of  this  process  in  the 
working  of  mines  of  silver  ores  containing  platinum.  By  M.  D'Arcet. 
Ann.  de  Chim.^  1814,  vol.  89,  pp.  135-149. 

Observations  on  a  note  by  Stanislas  Julien,  ^^ProcidS  des  Chinois 

pour  fahriquer  les  tam-tams  et  les  cymhales,^  Process  of  the  Chinese 
for  the  manufacture  of  tam-tams  and  cymbals.  Ann.  de  chim,,  vol.54, 
1833,  pp.  331-335. 

Sur  Valt6ration  qu^Sprouvent  de  la  part  des  substances  culinaires 


les  alliages  de  cuivre^  de  zinc.et  de  nickel j  connus  sous  les  noms  de  maille' 
chortj  Tnelchior^  argentan.  On  the  alterations  produced  in  culinary  sub- 
stances by  the  alloys  of  copper,  zinc,  and  nickel,  known  under  the 
names  of  maillechort,  melchior,  argentan.  Jour,  de  pharm.,  vol.  23, 
1837,  pp.  223-227. 

Debray.  Des  alliages  cValuminium.  Alloys  of  aluminum.  By  M.  H. 
Debray.  Comptes  renduSy  vol.  43, 1856,  pp.  925-927.  Dingler^s  Jour- 
naly  vol.  143, 1857,  p.  42. 

De  la  Eue.  On  a  Crystallized  Alloy  of  Zinc,  Lead,  and  Copper.  By 
Warren  de  la  Rue.  Phil.  Mag.,  vol.  27, 1845,  pp.  370-372.  Erdmann^s 
Journal,  vol.  37, 1846,  pp.  126-127. 

The  aUoy  was  obtained  from  the  worn-ont  amalgamated  zinc  plates  used  in 
the  voltaic  battery. 

De  Ruolz  and  de  Fontenay.  Darstellung  einer  Metalllegirung,  welche 
fast  fur  alle  ZwecJce  benutzt  werden  Jcann,  wozu  gewohnlich  SiWer  ange- 
wendet  tcird.  Description  of  an  alloy  which  can  be  used  for  all  pur- 
poses for  which  silver  is  generally  used.  Dingler's  JoumaL  vol.  134, 
1854,  pp.  215-216. 

On   Phosphoric  Bronze.     Comptfjs  Rendus.  vol.   73,  1871,   pp. 

1468-1470. 

MM.  H.  de  Rnolz  and  A.  de  Fontenay  presented  a  communication  to  the 
French  Academy  of  Sciences,  in  which,  after  referring  to  a  paper  by  Levi 
and  Kiinzel  (see  Levi  and  K.,  Eseais,  &c.),  they  claim  that  thoy  nscd  the 
identical  processes  described  by  these  authors  in  experiments  made  for  the 
French  Government  from  1854  to  1859,  but  that  they  had  kept  them  secret 
np  to  this  time  (1871).  They  claim  that  they  were  the  lirst  to  use  phos- 
phorus in  bronze  for  artillery^  and  also  manganese  for  the  same  purpose, 
whether  alone  or  associated  with  other  metals. 

32  T  M 
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Deyille.  M6thode  d^analyse  dea  bronzes  et  des  laitons.  Method  of  aii 
alysis  of  bronze  and  brass.  By  Henri  St.  Olaiie  DeviUe.  Ann.  ^ 
Chim.,  vol.  43,  1855,  pp.  473-477. 

Recherches  sur  les  metaux^  et  en  particulier  gur  raluminium,  et  ji' 

une  nouvelle  forme  de  sUicium,  Researclien  on  the  metals,  and  in  pai 
ticalar  on  aluminum,  and  on  a  new  form  of  silicon.  Ann.  de  Ckim^^i 
43,  1835,  pp.  5-30. 

De  raluminiiiniy  sea  proprUtis^  sa  fabrication  et  ses  applioaXvi^' 


Concerning  aluminum,  its  properties,  manufacture,  and  application^ 
1  vol.    Paris,  1859. 
Dick.  I  mpro  vemeut  in  Alloy's  of  Copper  for  Bearings.     By  C.  J.  A.  Did 
United  States  patent,  April  9, 1872,  No.  125549. 

Claims  the  addition  of  a  limited  proportion  of  lead,  with  or  without  otbd 
metals,  to  phosphorized  .alloys  of  copper  and  tin,  making  them  espcciil!; 
valuable  for  journal  bearings. 

DiNGLEB.  Dingler's  Polytechnisches  Journal  contains  several  short  ar 
tides  on  alloys,  among  which  are:  Vol.  27,  p.  273,  and  vol.  29,  ^.^ 
1828.  Different  alloys:  Vol.  123,  1852,  pp.  267-277.  Preparation u' 
Britannia  metal:  Vol.  134,  1854,  pp.  313-^14.  White  journal  meial 
used  on  Hanoverian  railways :  Vol.  139, 1856,  j).  464.  Alloys  for  pisto: 
rings  of  locomotives:  Vol.  211,  1874,  p.  322,     Phosphor-bronze. 

DxjifihBYiE,  LagermetalL  Metal  for  journal  bearings.  Dingler's  Jottrsat 
vol.  177,  1865,  pp.  326,  327.    London  Journal  of  Arts,  1865,  p.  205. 

Alloy  containing  tin,  zinc,  copper,  and  antimony  heats  very  little  by  fnctios. 

DussAUSSOY.  RSsultat  des  expiriences  faites  par  brdre  de  Son  UxceM^' 
le  mareschal  Due  de  Feltre^  ministre  de  la  Gnerre^  sur  les  alUugc^/^ 
cuivre^  d^ Stain,  de  zinc  et  defer,  consider Ss  sous  le  rapport  de  la  fabrm- 
tion  des  bouches  hfeu,  et  autres  objets  semblables.  Result  of  experimeiitj 
made,  &c.,  on  the  alloys  of  coi>i)er,  tin,  zinc,  and  iron,  considered  wi*^ 
reference  to  the  manufacture  of  cannon,  and  other  like  objects.  Br 
M.  Dussaussoy.    Ann.  deChim.,  vol.  5,  1817,  pp.  113-121,  225-234. 

Eclectic.  Van  Nostrand's  Eclectic  Engineering  Magazine.  1S69.  f 
172.  Alloys  fusible  at  specified  temperatures.  1873,  vol.  8.  p.  O'" 
White  metal  for  machinery. 

For  crank  and  connecting  rod  bearings,  90  tin,  S  antimony,  2  coppiT.  r''* 
pivots,  slide  vnlves,  &c.,  78.5  tin,  11.5  antimony,  10  copper.  For  locom^'' 
tives  (Swiss),  80  tin,  10  antimony,  10  copper. 

Engineer.  Phosphorized  Bronze  and  otiier  Alloys  as  a  Material  loi 
Artillery.  Engineer,  London,  vol.  33,  1872,  pp.  127, 128, 145,  UO,  L"- 
181. 

A  valuable  article,  giving  results  of  experiments. 

Faeaday.  Lettre  au  Prof  De  la  Rive  sur  les  alliages  que  fonne  fa^^ 
avec  diffSrents  vUtaux.  Letter  to  Prof.  De  la  Eive  on  the  alloys  ^vliitj' 
steel  forms  with  different  metals.  Bibliotlieque  Universdle^  vol.,  !*• 
1820,  pp.  200-216.     (See  Stodart  and  Faraday.)  ^      , 

Franklin  Institute.  Journal  of  the  Franklin  Institute,  vol.  67, 1^'^ 
pp.  293-296.  Describes  the  Ferro  Manganese  made  by  the  Ter^ 
Noire  Comi)any  of  France,  and  us(jd  in  the  Bessemer  process.  V'ol."'' 
1874,  pp.  100-161.     Uses  of  phosphor-bronze.  , 

Forbes.  On  the  Chemical  Examination  of  some  Alloys  of  Coppej"^ 
Zinc.  By  David  Forbes,  F.  G.  S.,  &c.  Chemical  Gazette,  im^ 
393.    British  Assoc.  Eeports,  2,  1854,  p.  67. 

Describes  a  separation  of  compounds  in  ordinary  brass-making,  two  ft  -^ 
bein^  found,  one  of  a  deep  yeUow  color  and  malleable,  and  toe  otnef 
brilliant  white  and  brittle. 
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Fbemy.  Note  sur  le  chrome  cristallizS  et  sur  lee  alliages  cPaluminium, 

Note  on  crystallized  chromium  and  on  aluminum  alloys.     Comptes 

RenduSj  vol.  44,  1857,  p.  632. 
Oedge.    Improvements  in  the  Manufacture  of  Metallic  Compounds. 

British  patent,  1853,  Nov.  12,  No.  2626. 
Alloys  of  Copper,  Zinc,  and  Iron  for  Shipbuilding.    Dingler's 

Journal,  vol.  158,  1863,  p.  273. 
Gbnth.    Analysis  of  Chinese  Alloys.    By  F.  A.  Genth.    Jour.  Frank. 

Inst.,  vol.  36,  1858,  p.  261.    Phil.  Mag.,  vol.  16, 1858,  pp.  420-426. 

Some  Chinese  coins  were  foand  to  contain  chiefly  copper  and  zinc,  with  smaU 
traces  of  other  metals.     As  many  as  eighth  metals  were  found  in  one  alloy. 

Obbsheim.  Erfindung  einer  Metallcomposition,  die  sick  dureh  Stossen 
und  Drucken  so  weich  und  plastisch  machen  Idnst,  dass  Me  mit  den  Fin- 
gem  in  jede  belieMge  Form  gedruckt  ice^'den  kann.  Discovery  of  a  me- 
tallic compound  which  can  be  m<ade  so  soft  and  plastic  by  pounding 
and  pressing  that  it  can  be  worked  into  any  form  by  the  fingers. 
Dingler's  Journal^  vol.  147,  1858,  pp.  462, 463. 

Gebsdobff.  Ueber  das  Packfong.  On  Packfong.  By  H.  V.  Gers- 
dorff.    Pogg.  Annalenj  vol.  8,  1826,  pp.  103-106. 

Gbaham.  The  Brassfounder's  Manual.  By  Walter  Graham.  1  vol. 
London,  1870. 

Instructions  for  modeling,  pattern-n^aking»  molding,  alloying,  turning,  filing, 
bronzing;  &.c. 

Gbaham.     On  the  Melting  Points  of  Easily  Fusible  Alloys'.     Poly- 

tecknisches  Cetitralblatt,  1874,  p.  923. 
GXJETTIEB.     Ouide  pratique  des  alliages  mitalliques.    Practical  guide 

of  the  metallic  alloys.     By  A.  Guettier,  director  of  founderies,  &c. 

1  vol.    Paris,  1866.     The  same,  translated  into  English.    By  A.  A. 

Fesqnet.    1  vol.    Phila.,  1871. 

A  valnablo  and  con  cise  treatise  on  the  alloys,  describing  their  properties,  and 
giving  directions  for  their  manufacture. 

Praktische  Untersuchungen  UbertechnischeMetalllegirungen.  Prac- 
tical researches  on  technical  alloys.  By  A.  Guettier.  Dingler's  Jour- 
nal, vol.  114",  1849,  pp.  1138-135,  196-279. 

Haohette.  Historische  Notiz  uber  Stahllegirungen  und  Damaszirung. 
Historical  note  on  steel  alloys  and  Damascening.  Dingler's  JournaL 
vol.  5,  1821,  pp.  435-438. 

Hamilton  and  Paekee.  New  Metal  in  Imitation  of  Gold,  called  Mosaic 
Gold.  Jour.  Frank.  Inst.,  vol.  1,  1826,  pp.  139, 140;  vol.  2,  p.  215. 
Dingler's  Journal,  vol.  21,  1826,  pp.  234, 235. 

Haswell.    Engineer's  Pocket- Book.    By  0.  H.  Has  well. 

Table  of  composition  of  several  useful  alloys. 

Hatchett.  Experiments  and  Observations  on  the  various  Alloys,  on 
the  specific  Gravity,  and  on  the  comparative  Wear  of  Gold;  being  the 
Substance  of  a  Report  made  to  the  Committee  of  the  Privy  Council 
appointed  to  take  into  consideration  the  State  of  the  Coins  of  the 
Kingdom,  &c.  By  Charles  Hatchett,  F.  R.  S.  Phil.  Trans.,  i803,  pp. 
43-104. 

Hebv:^.  Nouveau  manual  complete  des  alliages  mitalliques.  New  com- 
plete manual  of  the  metallic  alloys.    By  A.  Herv6.    1  vol.   Paris,  1839. 

Contains  tbe  preparation  of  the  alloys,  their  principal  properties,  their  use, 
their  existence  in  nature,  their  analysis,  &o. 

iBONAaE.  March  27, 1873,  p.  1.  Melting  Points  of  Lead  and  Tin  Alloys. 
December  10, 1874.    The  dex)ositioii  of  alloys. 
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Jaooby.  Improvement  in  Metallic  Alloy.  By  J.  E.  Jacoby.  British 
patent,  October  7, 1873,  Ko.  3246.    Chemical  News,  vol.  30, 1874,  p.  10. 

Alloys  containing  from  70  to  73  per  cent,  of  copper,  9  to  11  per  cent,  tin,  15  to 
20*  per  cent,  lead,  and  from  0.05  to  1  per  cent,  zinc  for  journal  bearinga  and 
like  purposes. 

Jacobi.  Vorzugliohe  Legirung  fiir  Zapfenlager.  Excellent  alloy  for 
journal  boxes.  By  R»  clacobi.  Dingler's  Journal^  vol.  167, 1863,  p. 
463. 

Alloy  of  5  parts  copper,  85  tin,  and  10  antimony. 

Jahbesbebight.  Jahreshericht  Uber  die  Leistungen  der  chemischeH  TeA- 
nologie,  von  Rudolf  Wagner,  Leipzig. 

Contains  several  articles  on  alloys.  Phosphor-bronze  is  discussed  in  the  num- 
bers for  1870,  1871,  1872,  and  1873. 

Johnson.    Alloy  of  Wrought  and  Cast  Iron  to  Replace  Steel.    Prac 
»  tical  Mechanics'  Journal,  2d  series^  vol.  5,  p.  207. 
Joule.    On  some  Amalgams.    By  J.  P.  Joule,  F.  R.  S.,  British  Associa- 
tion Reports,  2, 1850,  p.  65.    Jour.  Chem.  Soc.,  1, 1863,  pp.  378-^387. 

Describes  amalgams  of  iron,  copper,  silver,  platinum,  zinc,  lead,  and  tin. 

JXJLIEN.  ProcSdS  des  Chinois  pour  fabriquer  les  tam-tams  et  les  cfn- 
bales.  Process  of  the  Chinese  for  making  tam-tams  and  cymbals.  By 
Stanislas  Julien.     Ann,  de  chip^.j  vol.  54,  1833,  pp.  329-^1. 

Kabsten.  Untersuchungen  der  englisdien  Metallurgen  uber  die  Verba- 
serun^  des  Stahls  durch  Legirung  mit  anderen  Metallen.  Researches  of 
the  English  metallurgists  on  the  improvement  of  steel  when  alloyed 
with  other  metals.  By  C.  J.  B.  Karsten.  Karsten  Archiv  /.  Bergbau, 
vol.  9,  1825 ;  pp.  322-363. 

■  tfeber  Metalllegirungen^  besonders  iiber  die  Legirung  aus  EupftT 

und  Zink,  On  alloys,  especially  those  of  copper  and  zinc.  Dinglers 
Journal^  vol.  72,  1839,  pp.  128-132.  Pogg.  Annalen^  vol.  46, 1839,  pp. 
160-165. 

Ueber  Kupfer-Zinn-Legirungen  und  deren  Verhalten  beim  Oluhen^ 


On  aUoys  of  copper  and  tin,  and  their  behavior  when  heated.   Schweig 
ger  Journ.,  vol.  66^  1832,  pp.  255-286,  386-401.     Jour.  Frank.  Inst, 
vol.  20, 18>0,  pp.  340-343. 
Kebl.    Bepertorium  djer  technischen  Literatur.    A  list  of  scientific  papeis 
published  between  the  years  1854  and  1868. 

Vol.  2,  pp.  94-97.  Under  the  head  of  Metalllegirungen  is  fonnd  a  list  of  one 
hundred  papers  by  various  authorities,  having  more  or  leas  reference  to  the 
alloys. 

Kneiss.  Legirung  fiir  Maschinenlager.  Alloy  for  machine-beariogs. 
Dingler's  Journal^  vol.  158,  I860;  p.  236. 

Alloy  of  3  parts  copper,  40  zinc,  42  lead,  15  tin. 

Knight.    Knight's  American  Mechanical  Dictionary. 

Article  on  alloys.    General  description,  very  full  and  correct. 

KoPP.  Ungleiehe  Mischung  von  MetallUgirungen  in  geschmohsenm  ^v 
stande.    Unequal  mixture  of  alloys  in  the  molten  state.    By  flennaiMi 

Kopp.    Liebig's  Annalenj  vol.  40,  1841,  pp.  184-186. 

LHchiigkeit  des  Cadmium  Amalgams.    Density  of  cadmium  ai^al- 

gams.    Liebig's  Annalen^  vol.  40, 1841,  p.  186. 

Expansion  of  some  Solid  Bodies  by  Heat.     Phil.  Mag.,  "^ol  ^j 

1852,  pp.  268-270.    Liebig's  Annalen^  vol.  81,  1852,  pp.  1-67. 
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Kopp.  Copper  and  Zinc  Alloy.  By  M.  E.  Kopp.  Chemical  News,  vol. 
3,  1861,  p.  91. 

Alloy  of  60  parts  copper,  38.15  zinc,  1.50  iron,  remarkable  for  its  maUeability. 

KtiNZEL.     (See  Levi  and  Kiinzel.) 

KuPPFEB.  Note  sur  la  pesanteur  »pecijique  des  alliages  et  leur  point  de 
fusion,  Kote  on  the  specific  gravities  of  the  alloys  and  their  points 
of  fusion.  Ann,  de  chim,,  vol.  40,  1829,  pp.  285-303.  Quart.  Jour. 
Sci.,  vol.  2,  1829,  pp.  185,  186. 

Describes  experiments  on  the  specific  gjravities  and  points  of  fusion  of  the 
alloys  and  amalgams  of  tin  and  lead. 

Lafojjd.  Ueher  die  Bronzen  und  andere  Legirungen,  On  bronzes  and 
other  alloys.    Dingler's  Journal^  vol.  135,  1855,  pp.  .269-276. 

A  list  of  a  number  of  alloys,  chiefly  of  copper,  tin,  lead,  and  antimony,  with 
a  description  of  their  properties  and  uses. 

Larkin.  The  Brass  and  Iron  Founders'  Guide.  Bv  James  Larkin.  1 
vol.     Phila.,  1874. 

A  concise  treatise  on  brass  founding  and  molding;  the  metals  and  their 
alloys,  &c. 

LAUGriER.  Analyse  de  qtielques  alliages  de  bismuth.  Analysis  of  some 
alloys  of  bismuth,  Ann.  de  chim.j  vol.  36,  1827,  pp.  332-334.  Ding- 
ler's  Journal,  vol.  27,  1828,  p.  240. 

Levi  and  KDnzel.  Essais  sur  Vemploi  de  dirers  alliageSj  et  spidalenient 
du  bronze  phosphor eux,  pour  la  coulee  des  bouclies  hjm.  Experiments 
on  the  use  of  various  alloys,  and  especially  of  phosphoric  bronze,  for 
the  casting  of  cannon.  By  MM.  Montefiore  Levi  and  C.  M.  Kiinzel. 
Comptes  RenduSj  vol.  73,  1871^  pp.  o30-534. 

The  same,  translated  into  English  by  Jt)hn  D.  Brandt,  chief  clerk 

Bureau  of  Ordnance,  Navy  Department,  United  States.  1vol.  Wash- 
ington, Government  Printing  Office,  1872. 

Contains  complete  tables  ot  a  valuable  series  of  experiments  on  metals  for 
cannon.  Bronzes  containing  manganese,  nickel,  iron,  zinc,  and  phosphorus 
were  experimented  upon. 

Bronze  Alloy.     United  States  patents  granted  to  G.  M.  Levi  and 


C.  M.  Kiinzel,  May  23, 1871,  No.  115220,  and  Nov.  14, 1871,  No.  120984. 
Levi.    On  Phosphoric  Bronze  and  its  Principal  Industrial  Uses.     By 

M.  C.  Mont<}fiore  Levi.  Amer.  Chemist,  vol.  5,  1874,  pp.  178-180. 

Dingler's  Jouriial,  vol. '211,  1874,  p.  322. 
Levol-    MSmoires  sur  le  dosage  de  Varsenic  dans  les  metaux  usuels  et  dans 

leur  alliages.    Memoirs  on  the  amount  of  arsenic  in  the  usual  metals 

and  their  alloys.     A7in.  de  Chim.,  vol.  16^  1846,  pp.  493-504. 

Note  sur  une  nouvelle  cause  d'Merog^neite  des  alliages  d^argent  et 

de  cuivre  produit  par  absorption  d'oxygene.  Note  on  a  new  cause  of 
heterogeneity  of  the  alloys  of  silver  and  copper,  i)roduced  by  the 
absorption  of  oxygen.     Remie  Scientijique,  vol.  10,  1846,  pp.  211-213. 

Mimoire  sur  les  alliages  m6talliques  considdrSs  sons  le  rapport  de 


leur  composition  chimique.    Memoir  on  the  alloys  considered  with  ref- 
erence to  their  chemical  composition.    Ann.  de  Chim.,  vol.  36,  1852, 
pp.  193-224;  vol.  39,  1853,  pp.  163-184.     Journ.  de  Pharm.,  vol.  17, 
1850,  pp.  111-114.    Erdmann's  Journal,  vol.  60,  1853,  pp.  449-456. 
I)e  IHnfluence  du  bismuth  sur  la  ductilitS  de  cuivre.    On  the  influ- 


ence of  bismuth  on  the  ductility  of  copper.    Paris,  Bull,  de  la  Sac. 
Encour.,  vol.  4,  1853,  pp.  746-748. 
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Lbvol.  Legirung  von  Oold  und  Silberj  Kupfer,  Silber  mit  BIM.  Alloy> 
of  gold  and  silver,  gold  and  copper,  silver  and  lead.  Dingler's  ^JoumaU 
vol.  136,  1855,  pp.  453-454.     Ann.  de  Chim.,  vol.  39,  p.  163. 

Legirung  von  Silber  mit  Kupfer.    Alloys  of  silver  and  copper, 

DingWs  Journal,  vol.  130,  1853,  pp.  128-129. 

LiPOWiTZ.  Ueber  Wood's  leichtflUssiges  MetalL  On  Wood's  easily -fusible 
metal.    Dingler's  Journal^  vol.  158,  1800,  pp.  376,  377. 

Describes  several  fasible  alloys  which  melt  at  points  between  60°  and  98-^  C. 

Mallet.  Chemical  and  Physical  Properties  of  the  Atomic  Alloys  of 
Copper  and  Zinc,  and  Copper  and  Tin.  By  Rol)ert  Mallet,  F.  K.  S. 
Phil.  Mag.,  vol.  21,  1842,  pp.  66-68.  Dingler's  Journal,  vol.  85,  1842, 
p.  378. 

Tables  giving  the  chemical  composition,  specific  gravily,  color,  fractare,  cohe- 
sion, and  order  of  dnctility,  malleability,  hardness,  and  fusibility  of  the 
alloys  of  copper  and  zinc  and  copper  and  tin. 

On  a  Metallic  Alloy  in  an  Unusual  State  of  Aggregation.     Phil. 

3Iag.,  vol.  23,  1848,  p.  141. 

Anew  alloy  was  formed  by  portions  of  abraded  brass  in  a  journal  bearing  be- 
ing forced  into  close  contact.  ■  It  was  of  identical  composition  with  the  oric- 
inal  brass,  but  was  black  iu  color,  and  had  only  one-fifteenth  of  its  strength. 

On  the  Physical  Conditions  involved  in  the  Constraction  of 


Artillery.    1  vol.    London,  1856. 

Contains  a  discussion  of  the  properties  of  bronze  as  a  material  for  cannon, 
with  the  eftects  of  rapid  and  of  slow  cooling,  and  the  effects  due  to  repeated 
fusion  and  io  the  presence  of  impurities  in  miuute  proportions. 

Matthiessen.  On  the  Specific  Gravities  of  Alloys.  By  A.  Matthiessen. 
F.  R.  S.  Phil.  Trans.,  1860,  pp.  177^184.  Proc.  Itoy.  Soc.,  vol.  10. 
1859-'60,  pp.  12, 13.     Pogg.  Annalen,  vol.  110,  1860,  pp.  21-37. 

An  extensive  research  apon  the  specific  gravities  of  18  different  series  of  alloTi»- 

On  an  Allov  which  may  be  used,  as  a  Standard  of  Electrical 

Resistance.     Phil.  Mag.,  vol. '21, 1861,  pp.  107-115. 

Recommending  the  alloy  of  2  parts  gold  and  1  part  silver  as  a  standard  of 
electrical  resistance. 

Note  on  Professor  Bolley's  communication  "  On  some  Physical 


Properties  of  the  Alloys  of  Tin  and  Lead."    Jour.  Chem.  Soc,  vol.  15, 
1862,  pp.  105-107. 

Criticism  of  Professor  Bolley's  method  of  finding  the  calculated  specific  grav- 
ities. 

On  the  Electric  Conducting  Power  of  Alloys.    Phil.  Trans.,  1860, 


pp.  161-176.     Proc.   Roy.  Soc,  vol.  10,  1859-^60,  pp.  205-206.     Pogg. 
Annalen,  vol.  110,  1860,  pp.  190-221. 

A  valuable  research  on  the  electric  conducting  power  of  18  different  series  of 
alloys. 

Report  on  the  Chemical  Nature  of  Alloys.    British  Assoc.  Re- 


ports, 1,  1863,  pp.  37-48. 

Complete  classification  of  the  alloys  according  to  their  chemical  nature,  as 
deduced  chiefly  from  experiments  upon  their  conductivity. 

On  the  Variation  of  the  Electrical  Resistance  of  Alloys  due  to 


a  change  of  Temperature.    British  Assoc.  Reports,  2, 1863,  pp.  124-157. 
Electrician,  vol.  4, 1863,  pp.  285,  286,  296. 

On  the  Electrical  Permanence  of  Metals  and  Alloys.    British 


Assoc.  Reports,  1863,  2  pp.  127-130.    Electrician,  vol.  4,  1863,  pp. 
296,  297,  vol.  5,  p.  5. 
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Matthiessen.    On  Alloys.    Jour.  Chem.  Soc,  vol.  5, 1867,  pp.  201-220. 

A  discourse  oa  the  general  nature  and  properties  of  alloys,  and  reasons  de- 
duced from  experiment  for  the  author's  adoption  of  certain  views  on  the 
subject. 

Matthiessen  and  Von  Bose.  On  the  Lead-Zinc  and  Bismath-Zino 
Alloys.  By  A.  Matthiessen,  F.  E.  S.,  and  M.  Von  Bose.  Proc.  Roy. 
Soc,  vol.  11,  1860-'62,  pp.  430-433.  Erdmann's  Journal,  vol.  84, 1861, 
pp.  323-326. 

Lead  and  zinc  do  not  alloy  in  all  proportions.  The  results  show  that  lead 
will  dissolve  only  1.6  per  cent,  of  zinc  and  zinc  only  1.2  per  cent,  lead ;  that 
zinc  will  dissolve  only  2.4  per  cent,  of  bismuth  and  bismuth  from  8.6  to  14.3 
per  cent.  zinc. 

On  some  Qold-Tin  Alloys.    Proc.  Roy.  Soc.,  vol.  11, 1860-'62,  pp. 

433-436.    Erdmann's  Journal,  vol.  84,  1861,  pp.  319-322. 

Describing  some  experiments  on  the  crystallization  of  some  of  the  alloys  of 
gold  and  tin. 

Matthiessen  and  Yogt,  On  the  Influence  of  Temperature  on  the 
Electric  Conducting  Power  of  Alloys.  By  A.  Matthiessen,  F.  R.  S., 
and  Carl  Vogt.    Phil.  Trans.,  1864,  pp.  167-200. 

A  research  on  the  electric-conducting  power  of  a  large  number  of  alloys  at 
different  temperatures. 

Matthiessen  and  Holzmann.  On  the  Effect  of  the  Presence  of  the 
Metals  and  Metalloids  on  the  Electric  Conductivity  of  Pure  Copper. 
By  A.  Matthiessen,  F.  R.  S.,  and  M.  Holzmann.  Phil.  Trans.,  1860, 
pp.  85-92.    Pogg.  Annalen,  vol.  110,  1860,  pp.  222-234. 

Maumen^.  Note  8ur  Its  bronzes  du  Japan.  Kote  on  the  bronzes  of 
Japan.  By  E.  G.  Maumen6.  Comptes  Rendiis,  vol.  80, 1875,  pp.  1009, 
1010.    Scientific  American,  October  30, 1875,  p.  281. 

Michel.  JJeher  krystallisirte  Verbindungen  von  Aluminium  mit  Metallen, 
On  crystallized  compounds  of  aluminum  with  i^etals.  Liebig's  Anna- 
len,  vol.  115,  1860,  pp.  102-105.  Erdmann's  Journal,  vol.  82, 1861,  pp. 
237,  238.    Phil.  Mag.,  vol.  20, 1860,  p.  377. 

Describes  alloys  of  aluminum  with  tungsten,  molybdenum,  manganese,  iron, 
nickel,  and  titanium.        * 

MiLLEE.  On  the  Form  of  an  Alloy  of  Bismuth.  By  Wm.  Hallows 
Miller.    Phil.  Mag.,  vol.  12, 1856,  pp.  48,  49. 

Describes  crystallization  of  an  alloy  of  bismuth  containing  nickel,  copper, 
and  sulphur. 

MoRiN.  Sur  qaelques  bronzes  de  la  Chine  et  du  Japan  a  patine  foncSe.  On 
some  bronzes  of  China  and  Japan  with  dark  patina.  By  M.  n,  Morin. 
Comptes  RenduSj  vol.  78,  1874,  pp.  811-814. 

Muntz.  Ship-Sheathing  Metal.  British  patents,  1832,  October  22,  No. 
6325.  1846,  October  15,  Fo.  11410.  1852,  May  8,  Ko.  14117.  1858, 
March  19,  No.  572.  1858,  May  21,  No.  1134.  London  Journal  of 
Arts,  May,  1847,  p.  268.    Dingler's  Journal,  vol.  104,  1847,  p.  465. 

MusHET.  On  the  AUoys  of  Iron  and  Copper.  By  David  Mushet.  Phil. 
Mag.,  vol.  6, 1835,  pp.  81-86.    Dingler's  Journal,  vol.  56,  1835,  p.  11. 

The  author  claims  to  have  established  the  practicability  of  aUoying  malleable 
iron  with  copper  in  every  reasonable  proportion. 

On  the  Immersion  of  Copper  for  Bolts  and  Ship-Sheathing  in 

Muriatic  Acid  as  a  Test  of  its  Durability.    Phil.  Mag.,  vol.  6, 1835, 
pp.  444-447. 

Unrefined  copper  was  found  to  resist  the  action  of  muriatic  acid  better  ihftii 
pore  copper.    This  was  proved  to  be  due  to  the  presence  of  tin. 
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Mush  kt.  Alloys  of  Tunpjsten.  Several  patents  for  the  same.  See  Br;f- 
ish  Patent  Reports.  Abridj^neut  of  Specifications  relating  to  Metaj^ 
and  Alloys.    London,  1801. 

MusPRATT.  MuRpratt's  Chemistry,  vol.  1,  pp.  533-^553.  Article  (Hi 
Copper  Alloys. 

A  valuable  article.     Includes  a  deacription  of  the  method  of  casting  hnui' 
guns,  and  tbo  changes  of  density,  hardnesSf  «Sbc.,  of  broiis^  by  temperiug. 

MusscHENBROEK.  Mussclicnbroek  is  referred  to  by  several  vrriters  a> 
having  made  experiments  npon  alloys  in  the  first  part  of  the  last  cvnt 
ury.  See  Encyclopaedia  Britanuica;  article,  Strength.  Also,  KnighiV 
Am.  Meeh.  Dictionary. 

Netke.  WeiHHgu»H  fiir  Lager.  White  casting  for  journals.  r>inglei> 
Journal  J  vol.  108,  1803,  p.  74. 

Alloy  of  H  parrs  tin,  2  partH  antimony,  1  part  copper.     Used  by  General  .S*-.:^ 
Navigation  Company  of  London  for  wheel  and  propeller  shafts,  <Sdc. 

UXLAND.  Iniprovemeuts  in  Manufacture  of  Alloys  containing  TungsteiL 
British  patent,  1857,  December  18,  No.  3114. 

De  Paradis.  I)as  Aich-Metall  und  da«  Sterro-Metall^  zicei  neue  JfetaJl 
legirungen,  Aich-metal  and  sterro-metal,  two  new  metallic  allovs. 
Dingle'r's  Journal^  vol.  100,  1801,  pp.  34-40. 

Description  of  these  two  alloys  and  their  mechanical  properties. 

Parkes.  Several  valuable  alloys  made  by  Mr.  Parkes,  describe^l  in 
Ure's  Dictionary,  vol.  1 ;  article,  Alloy.  See,  also,  British  I^atent>, 
Abridgment  of  Si)ecificiitions  relating  to  Metals  and  Alloys.  London, 
1801.  Dingler's  Journal^  vol.  110, 18.50,  pp.  78-80.  Mechanics'  Maga- 
zine, vol.  51,  p.  301). 

Patents,  U.  S.  General  Index  of  Patents,  1790  to  1873,  tJ.  S.  Patent 
Ofiice. 

Contains  list  of  53  patents  having  reference  to  alloys. 

Patents,  G.  B.  Abridgments  of  the  Specifications  relating  to  Metals 
and  Alloys.  Printed  by  order  of  the  British  Commissioner  of  Patents. 
London,  1801. 

Contains  abridgments  of  specifications  of  more  than  100  patents  of  alloys, 
dating  between  16G4  and  1859. 

Peligot.  Sur  les  alliages  Wargent  et  de  zinc.  On  the  alloys  of  silver 
and  zinc.  Bv  Eugene  Peligot.  Comptes  Rendns^  vol.  58^  1864,  pp. 
045-051. 

Percy.  On  some  of  the  Alloys  of  Tungsten.  By  John  Percy,  F.  R.  S- 
British  Assoc.  Reports,  2,  1848,  p.  57. 

Experiments  on  the  economic  uee  of  tnngsten  in  alloys.     The  results  were 
unsatisfactory. 

On  Copper  containing  Phosphorus,  with  Details  of  Experiments 

on  the  Corrosive  Action  of  Sea  Water  on  some  Varieties  of  Copper. 
British  Assoc.  Reports,  2, 1849,  pp.  39,  40. 

Describes  an  alloy  containing  copper  95.72,  iron  2.41,  phosphorus  2.41.    Oa 
its  being  exposed  to  sea  water  for  9  months  there  was  no  loss  of  weight. 

Metallurgy.    Vol.  1.    Fuel;  Fire  Clays;  Copper;  Zinc;  Bra^ 


etc.    London,  1801. 

Contains  a  valaable  account  of  brass  and  other  alloys  of  c<^per. 

« 

Metallurgy.    Vol.  2.    Iron  and  Steel.    London,  1864 ;  pp.  147-197. 

Contains  a  very  fall  account  of  the  alloys  of  iron  with  other  metals. 


TESTS   OF   METALS.  505 

Person.  Solution  cPune  probldme  sur  la  fusion  des  alliages.  Solation 
of  a  problem  on  the  fusion  of  the  alloys.  By  C.  O.  Person.  Comptes 
Rendus,  vol.  23,  1846,  pp.  626-629.  Pogg.  AnnaleUy  vol.  70,  1847,  pp. 
388-392. 

ExperimeDts  on  some  allocs  of  bismuth,  lead,  and  tin.  M.  Person  conclndes 
tnat  it  is  possible  to  assign  in  advance  tbe  heat  necessary  to  fuse  an  alloy, 
if  that  required  to  fuse  each  of  its  components  is  known. 

8ur  la  chaleur  spSciflque  anomale  de  certains  alliages  et  sur  leur 

richauffement  spontan6aprh  la  solidification.  On  the  anomalous  specific 
heat  of  certain  alloys  and  their  spontaneous  reheating  after  solidifica- 
tion. Cmnptes  RenduSj  vol.  25^  1847,  pp.  444-446.  Liebig's  Annaleny 
vol.  64,  1847,  pp.  179-185. 

PiLLicnoDY.  On  some  Physical  Properties  of  the  Alloys  of  Tin  and 
Lead.  By  Or.  Pillichody.  Jour.  Chem.  Soc,  vol.  15,  1862,  pp.  30-32. 
Polytecknisches  Centralblattj  1862,  p.  88. 

POLAIN.  Ueber  die  Festigkeit  der  Phosphorbronze  und  iiber  deren  Anwen- 
dungen  in  der  Industrie,  On  the  strength  of  phosphor- bronze,  and  on 
its  applications  in  industry.  By  Alphons  Polain.  Dingler's  Journal^ 
1875,  vol.  217,  pp.  482-494.  Extract  from  the  Revue  Universelle,  1874, 
vol.  35,  p.  595. 

Account  of  experiments  made  in  Belgium,  France,  and  Germany  on  phosphor- 
bronze  as  a  material  for  guns,  and  statement  of  its  other  industrial  applica- 
tions. 

B AMSiELSBERGr.  UebcT  cinigc  Tcrystallisirte  ZinnhUttenproducte  von  8chla- 
ckenwalde  und  krystallisirte  Legirungen  im  AUgemeinen.  On  some  crys- 
tallized products  of  tin  furnaces  and  crystallized  alloys  in  general. 
Pogg.  Annalen^  vol.  120,  1863,  pp.  54-65. 

Ebgnault.  Sur  les  chaleurs  specifiques  des  corps  composes  solides  et 
liquides.  On  the  specific  heat  of  solid  and  liquid  compound  bodies. 
By  M.  Victor  Regnault.  Ann.  de  Chim.,  vol.  1,  1841,  i^p.  129-207. 
Erdmann's  Journal,  vol.  25, 1842,  pp.  129-170.  Comptes  Rendus,  vol. 
12, 1841,  pp.  56-83. 

An  extensive  investigation  on  the  specific  heat  of  compound  bodies,  including 
the  metallic  alloys. 

Eenault.  Nouvelle  m4thode  d^analyse  quantitative  applicable  aux  diffe- 
rents  allia^ges.  Kew  method  of  quantitative  analysis,  applicable  to  dif- 
ferent alloys.  By  M.  B.  Eenault.  Comptes  Rendus^  vol.  60, 1865,  p.  489. 
Dingler's  Journal,  vol.  176,  1865,  pp.  371-^74. 

Eiche.  Recherches  sur  les  alliages  metalliques.  Eesearches  on  the  me- 
tallic alloys.  By  M.  ALf.  Eiche.  Comptes  Rendus,  vol.  55,  1862,  pp. 
143-147.    Dingler's  Journal,  vol.  170,  1863,  pp.  113-114. 

Experiments  on  the  specific  gravities,  &c.,  of  the  alloys  of  tin  and  lead,  lead 
and  bismuth,  antimony  and  lead,  bismuth  add  tin. 

Recherches  sur  les  alliages.    Eesearches  on  the  alloys.     Comptes 


Rendus,  vol.  67,  1868,  pp.  1138-1140. 

A  series  of  15  alloys  of  copper  and  tin  was  examined  with  reference  to  their 
density,  fusibility,  and  aquation. 

Recherches  sur  les  alliages.    Eesearches  on  the  alloys.     Comptes 

Rendus,  vol.  69, 1869,  pp.  343-346. 

Discussion  of  the  effect  of  reheating  and  shock  on  the  density  of  alloys  of  cop- 
per and  tin. 

Note  sur  les  bronzes  des  instruments  sonores.    Note  on  the  bronzea 


of  sonorous  instruments.     Comptes  Rendus,  vol.  69, 1869,  pp.  983,986. 

Mentions  the  ineffectual  attempts  made  in  France  to  imitate  the  cymbals  and 
tam-tams  of  the  Chinese. 
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BiOHE.  Recherches  aur  les  alliages.  Kesearches  on  the  alloys.  Aiui.dc 
Ghim.^  vol,  30,  1873,  pp.  351-419.  Dingler's  Journal,  1874,  voL  213, 
pp.  150-159,  342-353,  514-523,  540 ;  vol.  214,  pp.  163-163,  243-24N 
305-312. 

An  exteDsive  and  valuable  research  upon  the  alloys,  especially  those  of  cop- 
per and  tin,  with  regard  to  their  fasibility,  liquation,  and  the  modificatioD« 
which  they  undergo  under  the  influence  of  tempering,  anneiJing,  and  cm^ 
chanical  operations. 

BiCHE  and  Ghajvifion.  Fabrication  des  tam-tams  et  des  cymbales.  Mann- 
factiire  of  tam-tams  and  cymbals.  By  MM.  Alf.  Biche  and  P.  Cham- 
pion.    Gomptes  RenduSj  vol.  70, 1870,  pp.  85-88. 

Describes  the  process  of  manufacture  employed  by  the  Chinese  as  seen  by  M. 
Champion  at  Shanghai. 

BoBEBTS.  The  Molecular  Arrangement  of  the  Alloy  of  Silver  and  Cop^ 
per  Employed  for  the  British  Silver  Coinage.  By  W.  O.  BobertN 
chemist  to  the  mint.    Brit.  Assoc.  Beports,  1871,  p.  80. 

The  strips  used  for  the  coins  contained  more  silver  in  the  center  than  in  I's^ 
external  edges  by  two  parts  in  1,000. 

On  the  Liquation,  Fusibility,  and  Density,  of  Certain  Alloys  o: 


Silver  and  Copper.    Proc.  Boy.  Soc.,  vol.  23, 1875,  pp.  481-495. 

Contains  an  account  of  a  valuable  set  of  experiments  on  the  melting-points  •■ 
a  series  of  alloys  of  silver  and  copper,  on  their  liquation  when  rapidlr  •<: 
slowly  cooled,  and  on  their  density  when  fluid. 


EiEFFEL.  MSmoire  sur  les  comhinaisons  chimiques  du  cuivre  avec  Teinu- 
Memoir  on  the  chemical  combinations  of  copper  with  tin.  CompU' 
Bendus,  vol.  37, 1853,  pp.  450-453.  Erdmaun's  Journal^  vol.  60,  l>vx'. 
pp.  3  0-374. 

BuDBEna.  Ueber  eine  allgemeine  Eigenschaft  der  Metalllegirungen.  0: 
a  general  property  of  the  metallic  alloys.  Pogg.  Annalen^  vol.  1^. 
1830,  pp.  240-249. 

Ueber  die  Wdrmemengen  in  Metallgemischen.     On  the  quantit.t^ 

of  heat  in  metallic  compounds.  Pogg.  Annaleny  vol.  71,  1847,  pp 
4G0-463.    Liebig's  Annalen,  yo\.  64,  1847,  pp.  183,  184. 

SiiMRAD  and  Sterbenz.  Applications  of  Phosphor-Bronze.  ByG. 
Semrad  and  J.  Sterbenz.  Deutsche  Indtistriezeitj  1874,  p.  323.  ^'a^ 
uer's  Jahresbericht,  1874.  pp.  149,  150. 

ScHUBARTH.  Schubarth's  Repertorium  der  technischen  Idteratur,  A 
list  of  scientific  papers  published  between  the  years  1823  and  18-^^ 
Contains,  under  the  head  of  MetalUegirungen^  a  list  of  more  than  J 
hundred  papers  having  reference  to  the  alloys. 

Sh  ARMAN.  White  Metal. ,  Scientific  American,  vol.  14, 1858,  p.  25.  Im 
proved  metallic  compound,  applicable  to  the  manufacture  of  variop' 
useful  and  ornamental  articles.  British  patent.  1857.  October  13,  >'o 
2621. 

Tin,  16 ;  lead,  3  or  4 ;  zinc,  5.    Said  to  he  cheaper  than  most  white  metal. 

Smith.  On  the  Liquation  of  Alloys  of  Silver  and  Copper.  By  Col.  J 
T.  Smith,  Madras  Engineers,  F.  E.  S.  Proc.  Eoy.  Soc.,  voL  23,  ISTa 
pp.  433-435. 

Ohservations  made  at  the  Indian  mints  on  the  causes  which  influence  tbr 
liquation  of  the  coin  alloys  of  silver  and  copper. 
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Stodabt  and  Fab  ad  ay.  Experiments  on  the  Alloys  of  Steel,  made 
with  a  View  to  its  Improvement.  By  J.  Stodart,  F.  E.  S.,  and  M.  Far- 
aday. Quart.  Jour.  Sci.,  vol.  9,  1820,  pp.  319-330.  Ann.  de  Chim.j 
vol.  16,  1820,  pp.  127-144. 

On  the  Alloys  of  Steel.    Phil.  Trans.,  1822,  pp.  253-270.    Ann.  de 

Chim.^  vol.  21,  1822,  pp.  62-74.    Dingler's  Journal,  vol.  8, 1822,  p.  252. 

Stover.  On  the  Alloys  of  Copper  and  Zinc.  By  Frank  H.  Stover. 
Chemical  News, vol.  2,  1860, pp. 303-305 ;  vol.3, 1 861, pp. 22-24, 37-38, 
61-53,  70-72, 149-151, 164-166.  Memoirs  of  the  American  Academy, 
vol.  8,  1863,  pp.  27-56.    Erdmann's  Journal,  vol.  72, 1861,  pp.  239-242. 

Experiments  on  the  crystallization  of  the  alloys  of  copper  and  zinc.  Stover 
concludes  that  all  the  alloys  of  copper  and  zinc  are  sioiply  isomorphous  mix- 
tures of  the  two  metals^ 

Thomson.  Analysis  of  a  Chined  Gong.  By  Thomas  Thomson.  Thom- 
son's Ann.  Phil.,  vol.  2,  1813,  pp.  208-210.  Ann.  de  Chim.,  vol.  87, 
1814,  pp.  46-53. 

Copper,  80.427  ;  tin,  19.573.    Remarkable  for  its  high  specifio  graTity— 8.953. 

On  Melting  Points  of  Alloys  of  Lead,  Tin,  Bismuth,  and  Zinc. 

Glasgow  Phil.  Soc.  Proc.,  vol.  1,  1841-'44,  pp.  77-82. 

TISSEER.  Kote  8ur  les  alliages  d^ahiminium.  !N"ote  on  the  alloys  of 
aluminum.  By  Cbas.  and  Alex.  Tissier.  Comptes  Rendus,  vol.  43, 
1856,  pp.  885, 886.  Erdmann's  Journal,  vol.  69, 1856,  p.  381.  Dinglert 
Journal,  vol.  143,  1857,  pp.  42-45. 

Ueber  Metalllegirungen,  mit  besonderer  Berilcksichtigung  des  Alu- 
miniums, On  metallic  alloys,  with  special  reference  to  those  of  alu- 
minum. Dingler^s  Journal,  vol.  166,  1862,  p.  427.  From  the  Tech- 
nologiste,  April,  1862,  p.  348. 

ToucAS.  SilberdhnlicJie  Legirun^.  Alloy  resembling  silver.  Dingler's 
Journal,  vol.  143, 1857,  p.  157.  British  patent,  1856,  February  22,  No. 
459. 

Alloy  of  4  parts  copper,  5  tin,  1  each  lead,  zinc,  and  antimony. 

Tboost  and  Hautefeuille.    Sur  les  alliages  de  Vhydrogene  avec  les 
mStaux.    On  the  alloys  of  hydrogen  with  the  metals.    By  MM.  L.' 
Troost  and  P.  Hautefeuille.    Ann.  de  Chim.,  vol.  2,  1874,  pp.  273-288. 
Comptes  Rendus,  vol.  78,  1874,  pp.  807-811. 

Describes  alloys  of  hydrogen  with  sodium,  potassinm,  and  palladium. 

Ube,  Ure's  Dictionary  of  Arts,  Mines,  and  Manufactures.  Vol.1,  articles 
on  alloys,  brass,  bronze,  &c. 

TJcHATius.  Eeport  of  experiments  made  by  General  Uchatius  for  the 
Austrian  Oovemment  on  hardening  bronze  for  cannon.  Translated 
into  English,  and  communicated  to  the  Ordnance  Department  of  the 
United  States,  by  Ool.  T.  T.  S.  Laidley,  U.  8.  A.  Published  as  "  .Jrd- 
nance  !N^otes  No.  XL,  Washington,  D.  C,  1875." 

Extraordinary  hardening  and  increase  of  strength  of  bronze  ^uns  were  pro- 
duced by  driving  mandrels  or  pln^s  into  the  bore.  Some  specimens  of  hard- 
ened bronze  haa  a  tensile  strengui  of  70,000  pounds  per  square  inch. 

VoGBL.  Legirung  zu  Compositions  feilen.  Alloy  for  composition  files. 
Dingler's  Journal,  vol.  159, 1861,  pp.  211,  212. 

A  new  Alloy  of  Copper  and  Aluminum  for  Journal  Brasses.  Scien- 
tific American,  vol.  4. 1861,  p.  311. 

Yon  Haueb.  tfeber  die  leicht  schmelzharen  Kadmium-Legirungen.  On 
the  easily-fusible  cadmium  aUoys.  By  Carl  Bitter  von  Hauer.  Ding- 
ler's Journal,  vol.  176, 1866,  p.  371.  Erdmann's  Journal,  vol.  94, 186i6, 
pp.  436-439.    Phil.  Mag.,  vol.  30, 1865,  pp.  447-448. 
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ViGOUROUX.  Weisse  nicht  oxydirbare  Metalllegirung  fur  Fassha^v. 
White,  unoxidizable  alloj^  for  facets.  Dingler's  Journal^  vol.  1T\ 
1865,  p.  242. 

Contains  tin,  antimony,  and  nickel. 

Wade.  Reports  on  Experiments  on  Metals  for  Cannon.  By  offic*?r<t : 
the  Ordnance  Department,  United  States  Army.  1  vol.  Philadelpli  .. 
1856. 

Contains  a  valuable  report  by  Major  Wade,  U.  S.  A.,  on  the  properties  of  Un  i: 
for  cannon,  with  description  of  the  testing  apparatus  used,  effects  of  .s'h  ' 
cooling,  st'paration  of  the  metals,  and  discussion  of  results. 

Watt's.    Watt's  Dictionary  of  Chemistry.   Vol.  3,  pp.  942-946.    Art!. 

on  metals  and  alloys.    See  also  under  heads  of  the  different  metals. 
Weidemann  and  Franz.     Ueher  die  WUnne-Leitungsfdhigkeit  der  )! 

talle.    On  tlie  heat  conductivity  of  metals.    By  G.  H.  Weideni. : 

and  Eudolph  Franz.     Pogg.   Annalenj  vol.  89,  1853,   pp.    497-'*^ 

Phil.  Mag.,  vol.  7,  1854,  pp.  33-39. 
Weidemann.     Ueber  die  LeitungsfdhigJceit  einiger  Legirungen  fur  M'tV' 

und  Elektricitllt,    Ou  the  conductivity  of  some  alloys  for  heat  j 

electricity.     By  G.  Weidemann.     l*ogg.   AnnaUn^  vol.  108,  18.jt». ; 

393-407.     Phil.  Mag.,  vol.  19,  1800,  pp.  243,  244. 

The  order  of  conductivity  of  the  inetals  was  found  to  be  the  same  for  h«  s^ 

for  electricity. 

Weissenborn.    W\Mssenl)orn's  American  Locomotive  Engineering: «^ 

tains  table  of  useful  alloys  of  cox)per,  including  those  used  in  lotuu- 

tives. 
Wertheevi.     De  V^lasticite  et  de  la  t/nacite  den  alUages.     Ou  the  »*^  • 

ticity  and  tenacity  of  allovs.     Bv  M.  G.  Wertheim.     Comptes  Itenfi 

vol/l5,  1842,  p.  110;  vol.  16,  1845,  pp.  998-1000. 

Experiments  upon  54  binary  and  9  ternary  alloys,  %Vith  a  view  to  dt-t*  r. 
whether  their  elasticity  and  tenacity  followed  any  general  laws. 

WOHLER  and  Michel.     Ueber  krystalli^irte  Verbindungen  von  Ah 
nium  mit  Metallen.    On  crystallized  comi)Ound8  of  alomiDum  ^ 
metals.     Liebig's  Annalen,  vol.  115,  1860,  pp.  102-105.     Phil.  31..- 
vol.  20, 1860,  p.  377.    Erdmann's  Journal,  vol.  82,  1861,  pp.  237,  l:  * 

AUoyB  of  aluminum  with  tungsten,  molybdenum,  manganese,  iron,  and  ij:  - 

Wood.    New  fusible  metal.    Jour.  Frank.  Inst.,  vol.  40,  1860,  pp.  U- 
128.   Phil.  Mag.,  vol.  20, 1860,  p.  403.    Dingler's  Journal^  vol.  158,  i  ^ 
pp.  376,  377.     U.  S.  patent,  March  20,  1860. 

Wright.  Improvement  in  alloys  of  nickel,  silver,  and  copper.  W  " 
patent.    Journal  of  Applied  Chemistry,  vol.  8,  1873,  p.  158. 
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EESEARCHES  OK  THE  ELASTICITY  AND  TENACITY  OP  THE 

ALLOYS. 

By  M.  G.  Wertheim.* 

Id  the  nuuierouB  researches  which  have  been  undertaken  on  the  me- 
chanical properties  of  matter,  the  experimenters  have  for  the  most  part 
only  confirmed  the  laws  which  analysis  had  already  made  known,  or 
examined  the  substances  which  are  used  in  construction.  Thus,  while 
on  the  one  hand  the  laws  which  govern  slight  changes  of  form  and  vibra- 
tions may  be  considered  as  perfectly  well  understock!,  and  on  the  other 
hand,  iron,  steel,  wood,  and  stone  have  been  carefully  studied,  the  me- 
chanical properties  of  bodies  in  general,  and  the  laws  which  control  the 
displacement  of  their  molecules,  when  this  displacement  is  no  longer 
very  slight  compared  to  the  distances  which  separate  them,  have  been 
almost  wholly  neglected. 

The  constancy  or  the  variability  of  the  coefiicient  of  elasticity  in  the 
same  substance  under  different  circumstances,  the  changes  that  me- 
chanical treatment,  annealing,  and  elevation  of  temperature  can  pro- 
duce, the  relation  between  the  theoretical  and  the  actual  rapidity  of  the 
sound,  the  laws  of  permanent  displacements,  and  the  different  positions 
of  equilibriam,  the  existence  of  a  certain  limit  of  elasticity  and  of  a  max- 
imum elongation,  and  finally  the  numerical  values  of  all  these  quantities, 
and  their  relations  to  the  chemical  nature  of  the  material,t  offer  so  many 
questions  which  have  not  as  yet  been  discussed  by  philosophers,  or  which 
have  been  solved  in  different  ways.  In  this,  the  first  memoir  which  I 
have  the  honor  to  submit  to  the  judgment  of  me  academy,  I  discuss  only 
the  simple  metals.  In  a  short  recapitulation  of  work  already  accom- 
plished I  will  mention  first  the  experiments  on  the  constancy  of  the  co- 
efiScient  of  elasticity. 

Coulomb  and  Lagerhjelm  have  found  the  same  coefiicient  of  elasticity 
for  iron  and  steel  of  the  same  sample,  whatever  the  mechanical  treat- 
ment to  which  they  were  subjected;  M.  Poncelet,  on  the  contrary,  rely- 
ing on  the  uniformity  of  known  results,  does  not  admit  this  constancy 
even  for  iron.  The  other  metals  have  not  yet  been  studied  in  this  re- 
spect. M,  Gerstner  concludes  from  his  experiments  on  steel  bars,  that 
the  coefficients  of  elasticity  remain  the  same  in  the  different  positions  of 
equilibrium  of  the  bar. 

Passing  over  the  differences  which  may  be  exhibited  in  the  same  metal 


*  Compies  RenduSj  vol.  15,  1842,  p.  110. 

t  Some  mouths  after  the  deposition  of  my  packet,  M.  Masson  preBented  to  the  academy 
a  paper  in  which  he  seeks  to  establish  by  his  own  experiments  on  iron,  copper,  and 
zinc,  and  by  the  experiments  of  Chladni  on  tin  and  silver,  the  following  law:  Mnlti- 
plying  the  coefficients  of  eUisticity  of  the  simple  bodies  by  a  multiple  or  submnltiple 
of  their  equivalents,  a  constant  number  is  obtained.  M.  Masson  himself  attributes 
this  fact  only  to  accident  ( Annates  de  Chimie  et  de  Physique,  3°°^  s^rie,  t.  iii ).  I  have  not 
therefore  considered  it  necessary  to  repeat  the  above.  It  wiU  be  understood,  further, 
that  a  certain  agreement  can  always  be  obtained  by  choosing  arbitrarily  the  whole 
numbers  by  which  the  atomic  weights  must  be  multiplied  or  divided. 
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on  account  of  the  variations  in  its  density  or  because  of  its  impurity,  the 
coefficients  of  elasticity  have  been  determined  for  lead,  zinc,  silver, plati- 
num, copper,  iron,  and  steel,  by  Coulomb,  Barlow,  Tredgold,  Young,  Ren- 
nie,  Duleau,  Navier,  Lagerhjelm,  Leslie,  Gerstner,  Sequin,  Martin,  Savart, 
Weber,  Ardant,  and  by  the  royal  commission  of  flanover. 

Cbladui  took  the  rapidity  of  sound  on  iron, copper,  silver,  and  tin,  and 
Savart  on  iron,  steel,  and  copper.  M.  Masson  made  known  the  rapidities 
in  zinc  and  lead. 

These  results  form  almost  the  whole  of  our  experimental  knowledge  of 
elasticity  in  an  ordinary  temperature;  the  variations  in  elasticity  caused 
by  the  elevation  of  the  temperature  have  not  yet  been  investigated. 

The  researches  on  the  cohesion  of  the  metals  are  much  more  numerous, 
but  from  their  nature  also  less  apt  to  give  concordant  results.  It  would 
take  too  long  to  repeat  them  here.  I  will  only  say  further,- that  the  in- 
fluence of  annealing  on  cohesion  has  been  investigated 'by  MM.  Dufour, 
Baudrimont,  and  Karinarsch,and  that  of  elevation  of  temperature  upon 
the  cohesion  of  iron  by  MM.  Tredgold,  Lagerhjelm,Tr6mery,  Poirier,  and 
Dufonr.  Finally,  MM.  Minard  and  Desorraes  have  made  known  the 
diminution  of  cohesion  produced  by  heat  in  lead,  tin,  and  copper.  My 
experiments  have  been  on  the  homogeneous  metals  which  I  have  inyseif 
reduced  or  analyzed,  when  it  was  impossible  to  obtain  them  perfectly 
pure ;  these  were  lead,  tin,  cadmium,  gold,  silver,  zinc,  platinum,  copper, 
iron,  and  steel.  Each  metal  was  first  melted,  when  possible,  then  rolled 
and  drawn,  and  finally  annealed.'  In  each  of  these  conditions  its  density 
was  noted;  then  1  determined  its  coefficient  of  elasticity  and  the  rapidity 
of  sound,  by  means  of  three  different  methods:  by  transverse  vibrations, 
by  longitudinal  vibrations,  and  by  elongation. 

Tfie  number  of  transverse  vibrations  per  second  was  determined  by 
the  m'»thod  of  sketching  the  vibrations,  original  with  M.  Duhamel.  A 
little  elastic  bent  wire  attached  to  the  top  of  the  rod  under  examination 
left  an  imi)ression  upon  a  disk  coated  with  lampblack.  Having  failed  to 
give  this  disk  a  uniform  rate  of  motion,  I  determined  the  length  of  the 
vibrations  b^^  comi)tunug  the  vibrai  ions  of  the  rod  with  those  of  a  standard 
fork  made  by  M.  Marloye,  and  making  exactly  256  vibrations  per  sec- 
ond; the  time  was  thus  determined  within  at  least  ^eo  of  a  second. 

The  number  of  longitudinal  vibrations  was  determined  by  means  of  a 
differential  sonometer  consonant  with  the  same  fork.  I  satisfied  myself 
as  to  the  exactitude  of  estimates  by  calculating  directly  the  longitudinal 
vibrations  drawn  by  two  rods  of  two  meters  length.  The  difference  was 
only  between  three  and  seven  vibrations  in  a  thousand.  Finally,  these 
rods  and  bars  were  submitted  to  the  action  of  successively  increasing 
loads  in  an  apparatus  which  allowed  of  even  quite  heavy  loads  being 
put  on  or  taken  off  with  facility  and  without  jar. 

The  total  elongations  (sets)  were  of  two  kinds,  one  which  disappears 
with  the  removal  of  the  charge,  and  another  which  is  permanent.  Each 
of  these  two  parts  was  measuredseparately,by  meansof  acathetometer 
measuring  hundredths  of .  a  millimeter.  Thus,  not  only  the  coefficient  of 
elasticity  was  determined  anew  in  each  position  of  equilibrium  that  the 
rod  attained,  but  also  all  that  relates  to  the  limit  of  elasticity,  to  the 
maximum  of  elongation,  and  to  cohesion,  was  studied  at  the  same  time. 
After  rupture,  the  density  and  elasticity  of  the  fragments  were  examined 
anew,  and,  finally,  all  the  experiments  in  elongation  were  repeated  at  the 
temperatures  of  100^  and  200°  C.  These,  then,  are  the  conclusions  that 
may  be  drawn  from  these  experiments. 

1st.  The  coefficient  of  elasticity  is  not  constant  for  the  same  metal^ 
whatever  augments  the  density  increases  it,  and  reciprocally. 
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2d.  The  longitadiiial  and  transverse  vibrations  evidently  give  the 
same  coefficient  of  elasticity. 

3d.  The  vibrations  give  coefficients  of  elasticity  much  greater  than 
those  obtained  by  elongation.  This  difference  is  due  to  the  accelera- 
tion of  movement  produced  by  liberated  heat. 

4th.  Consequently,  sound  in  solid  bodies  is  due  to  waves  and  conden- 
sation, and  we  may  be  able  by  means  of  the  formula  given  by  Mr.  Du- 
hamel  to  make  use  of  the  relation  between  actual  and  theoretical  speeds 
of  sound,  to  find  out  the  relation  of  specific  heat  under  constant  pres- 
sure to  that  at  constant  volume.  This  ratio  is  greater  for  annealed  than 
for  non-annealed  metals. 

5th.  The  coefficient  of  elasticity  diminishes  with  the  elevation  of  the 
temperature  at  a  more  rapid  rate  than  that  which  is  due  to  the  corre- 
sponding dilation. 

6th.  Magnetization  does  not  sensibly  change  the  elasticity  of  iron. 

7th.  The  elongation  of  rods  and  bars  by  the  application  of  loads 
affects  their  densities  very  slightly.  The  coefficient  of  elasticity  should 
therefore  vary  as  little  in  the  different  positions  of  equilibrium  5  and 
this  is  in  fact  what  takes  place,  in  so  far  as  the  loads  do  not  become 
great  enough  to  produce  rupture.  The  law  of  Gterstner  is  therefore 
confirmed  by  all  the  metals  of  which  the  particles  take  a  position  of 
equilibrium  after  having  passed  their  limit  of  elasticity. 

8th.  The  permanent  alloys  are  not  found  intermittently,  but  in  a  con- 
tinuous manner.  By  suitably  limiting  the  load  and  its  duration  of 
action,  such  permanent  elongation  as  may  be  desired  can  be  produced. 

9th.  No  true  limit  of  elasticity  exists;  and  if  no  permanent  elonga- 
tion is  observed  for  the  first  loads,  it  must  be  because  they  have  not 
been  allowed  time  to  act,  and  because  the  rod  submitted  to  the  experi- 
ment is  too  short  relatively  to  the  delicacy  of  the  measuring  instru- 
ment. 

The  values  of  maximuni  elongation  and  cohesion  also  depend  much 
on  the  manner  of  operation.  They  become  greater  the  more  slowly  the 
loads  are  increased.  It  may  be  seen  from  this  how  arbitrary  is  the  de- 
termination of  least  and  of  greatest  permanent  elongation,  and  that  we 
cannot,  with  Lagerhjelm  found  a  law  upon  their  values. 

10th.  The  resistance  to  rupture  is  considerably  diminished  by  anneal- 
ing. The  elevation  of  the  temperature  even  to  200^  0.  does  not  greatly 
diminish  the  cohesion  of  metals  previously  annealed. 

After  this  purely  experimental  part,  I  sought  to  discover  a  relation 
between  the  coefficient  of  elasticity,  which  is  the  only  truly  scientific 
mechanical  datum,  and  the  molecular  constitution  for  comparing  the 
result  of  calculation  with  those  of  experiment. 

M.  Poisson  has  been  led  to  the  following  expression  of  the  coefficient 
of  elasticity : 

dr' 


9/     /a° 


r=x 


in  which  a  is  the  mean  distance  of  the  molecules,  r  the  radius  of  action 
of  the  molecule,  the  function /r  giving  the  result  of  simultaneous  action 
of  the  attractive  molecular  force  and  of  the  repulsion  due  to  heat. 

To  find  a  I  assume  that  the  weight  of  each  molecule  is  expressed  by 
its  atomic  weight.  We  know  that  this  hypothesis  is  probable  from  the 
researches  of  MM.  Dulong  and  Petit,  Avogrado,  Begnault,  and  Baudri- 
mont,  on  specific  heat. 
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The  relative  number  of  atoms  contained  in  the  same  volume  is  then 
obtained  by  dividing  the  specific  weij^ht  by  the  atomic  weight;  the  re- 
ciprocal of  the  cube  root  of  this  number  is  the  measure  of  the  distance 
of  the  molecules  for  each  metal  in  its  different  conditions — that  is  to 
say,  the  value  of  a. 

There  remains,  then,  in  the  formula  to  be  determined,  only  the  func- 
tions/r  which  we  may  attempt  to  deduce. 

The  following  are  the  results  of  this  formula : 

Ist.  q  should  become  greater  when  a  diminishes,  and  reciprocally.  It 
may  be  seen  in  the  fourth  table  of  my  memoir  that  this  really  takes 
place,  bnt  the  condensations  and  dilatations  that  we  can  proHdace  by 
these  mechanical  means  are  too  slight  for  us  to  determine  with  certainty 
the  relation  between  the  changes  of  a  and  q ;  nevertheless,  the  product 
qa'  is  very  nearly  constant  for  the  same  metal.  With  elevation  of  tem- 
perature the  coefficient  of  elasticity  diminishes  so  rapidly  that  the  prod- 
uct qaP  is  always  less  than  at  an  ordinary  temperature;  the  function  Jr 
should  then  include  temperature. 

2d.  The  different  metals  follow  in  the  same  order  in  proximity  of  the 
molecules,  in  their  coefficient  of  elasticity,  and  in  their  power  to  conduct 
sound  in  proportion  to  its  intensity  (this  last  is  only  approximately  known 
by  the  experiments  of  PeroUe).  Platinum  only  ranks  between  copper 
and  iron  in  relation  to  the  coefficient  of  elasticity,  while  it  ranks  between 
zinc  and  copper  in  relation  to  the  distances  of  the  molecules. 

3d.  The  product  of  the  coefficient  of  elasticity  by  the  seventh  power 
of  the  mean  relative  distance  of  the  molecules  is  the  same  for  the  greater 
part  of  the  metals.  This  agreement  is  so  complete  that  it  can  be  exacted 
to  this  degree  of  approximation  for  lead,  cadmium,  gold,  silver,  zinc,  and 
iron;  but  cop])er  gives  a  somewhat  smaller  product,  and  tin  and  plati- 
num much  higher  products,  than  the  other  metals.  If  this  agreement 
were  general,  we  might  infer  from  it  that  the  resultant  of  the  attractive 
molecular  force  andheat  repulsion  diminishes  in  the  inverse  ratio  of  the 
fifth  power  of  the  distanced.  But  this  agreement  is  not  confirmed  by  all 
the  metals  experimented  upon,  proving  only  that  this  resultant  diminishes 
in  fact,  as  we  assume  to  be  the  case  in  our  calculations,  much  more  rap- 
idly than  in  the  inverse  ratio  of  the  square  of  distances.  In  the 
letter  attached  to  this  memoir  the  author  requests  the  opening  of  a  sealed 
packet  dated  July  19, 1841.  This  packet,  opened  on  the  spot,  contained 
the  following  note :  <*Sealed  packet  addressed  by  M.  Wertheim  in  1841, 
accepted  by  the  academy  at  the  session  of  July  9  " 

Philosophers  generally  admit  that  atomic  weights  represent  the  true 
weight  of  the  molecules,  and  that  the  diameters  of  the  molecules  are 
variable  in  their  ratio  to  the  distances  which  separate  them.  We  can 
then  obtain  the  number  of  molecules  of  the  different  simple  bodies  con- 
tained in  the  unit  of  volume  by  dividing  their  specific  weights  by  their 
atomic  weights ;  as  to  composite  bodies,  this  same  reasoning  will  lead 
to  a  knowledge  of  their  molecular  arrangement.  Now  the  attractive  force 
should  necessarily  be  a  function  of  the  distance,  a  function  that  experi- 
ment alone  can  make  known,  and  which  leads  to  the  knowledge  of  the 
laws  of  cohesion,  of  elasticity,  and  of  the  rapidity  of  souud- 

The  comparison  contained  in  the  following  table,  which  I  communi- 
cated to  M.  d'Estinghausen,  at  Vienna,  four  years  since,  shows  the 
intimate  relation  of  these  different  quantities.  The  first  column  contains 
thespecific  weights  of  the  melted  metals ;  the  second  the  atomic  weights, 
calling  the  atomic  weight  of  oxygen=l ;  the  third  column  contains  the 
number  of  atoms  in  the  unit  of  volume. 
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The  atomic  weights  are  those  of  M.  Berz^lias,  except  that  of  silver, 
which  is  reduced  one-half,  conformably  to  the  researches  of  MM.  Dolong 
and  Petit,  and  of  M.  Kegnault,  on  specific  heat. 


Le«d 

Tin 

Gold 

Silver.... 

Zino 

Platinom. 
Copper... 
Iron 


S. 


11.352 
7.286 

10.258 

10.542 
6.861 

21. 630 
8.850 
7.788 


12.94408 
7.352M 

12. 48013 
&  75803 
4.03226 

12.33409 
3.05695 
3.39205 


S.A. 


0.8760 
0.0007 
1.5408 
1.5590 
1.7015 
1.7454 
2.2365 
2.2050 


Bedstanoe  to  rap- 
ture per  millime- 
ter. 


Ok 


0.022 
0.063 
0.274 
0.341 
•0.190 
0.400 
0.550 
1.000 


1.45 
6.20 


88.55 


I 


32 


600 
8.200 


0.600 
20.000 


•9 

i 


2 


7.5 
0.0 


12.0 
17.0 


*  The  reBistance  of  zino  is  lower,  which  should  not  be  according  to  iti  number  of  atoms ;  but  thin  dis- 
agreement may  reasonably  be  attributed  to  the  impurity  of  the  metal  experimented  upon  or  to  its 
crystallized  condition. 

Kotice  farther,  that  the  metals  range  as  to  their  conductibility  for  the 
intensity  of  sound,  according  to  PeroUe:  lead,  tin,  gold,  silver,  copper, 
iron. 

Lastly,  the  diamond,  hardest  of  the  simple  bodies,  contains  nearly 
as  many  molecules  as  iron;  its  number  is  4.668  to  4,708;  these  numbers 
are  obtained  by  dividing  its  extreme  specinc  weights,  3501-3531,  by  its 
atomic  weight,  75,  recently  determined  by  M.  Dumas. 

We  see  that  in  the  simple  bodies  which  have  been  submitted  to  experi- 
ment thus  far,  cohesion,  elasticity,  and  conductibility  of  sound,  as  much 
with  regard  to  its  quickness  as  to  its  intensity,  are  as  much  greater  as 
the  molecules  9f  the  same  bodies  are  nearer  to  one  another  at  the  Bame 
temperature. 

But  the  experiments  are  far  from  being  sufficiently  exact  to  serve  as  a 
basis  for  calculations.  In  fact  only  a  small  number  of  chemically  impure 
metals  have  been  tested  by  the  methods  of  extension  and  of  rupture, 
which  seem  to  me  better  adapted  to  researches  on  vibrations  than  tx)  the 
study  of  molecular  forces.  It  was  with  this  view  that  I  made  the  exper- 
iments in  vibrations  of  bars  of  chemically-pure  metals,  the  results  of 
which  I  have  the  honor  to  submit  to  the  Academy. 


ON  THE  ELASTICITY  AND  TENACITY  OF  THE  ALLOYS. 

By  M.  G.  Wkrtheim.* 
(Abstract  by  the  author.) 

In  a  previous  work  which  I  had  the  honor  to  present  to  the  Academy 
during  the  session  of  July  18, 1842, 1  considered  the  mechanical  proper- 
ties of  the  simple  metals.  .  After  having  examined  and  compared  the 
different  methods  of  studying  elasticity  in  relation  to  ordinary  as  well 
as  to  high  temperatures,  I  applied  these  methods  to  the  pure  metals  and 
obtained  results  of  which  I  will  describe  only  those  which  serve  as  the 
basis  of  the  new  work. 


33  X  H 


Comptea  Rmtdua,  yol.  16, 1845,  pp.  978-1000. 
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It  was  shown  by  these  exx>eriiDent8 — 

1st.  That  the  coefficient  of  elasticit}'  is  not  constant  for  the  same  metal, 
but  that  it  changes  with  the  density  and  in  the  same  way. 

2d.  That  the  longitudinal  ai^d  transverse  vibrations  produce  a  coeffi- 
cient of  elasticity  a  little  greater  than  that  deduced  direct  by  elongation. 

M.  That  experiment  agrees  with  analysis  aa  to  the  relation  which 
should  exist  between  the  coefficient  of  elasticity  and  the  mean  distaDC« 
of  the  molecules ;  tha(  is,  whenever  in  the  same  metal  this  distance 
becomes  greater  the  coefficient  of  elasticity  diminishes,  and  reciprocally; 
consequently  the  different  metals  form  the  same  series  whether  arranged 
according  to  their  coefficients  of  elasticity,  or  according  to  the  proximitr 
of  their  molecules. 

4th.  That  the  prodnct  of  the  coefficient  of  elasticity  by  the  seventh 
power  of  the  mean  relative  distances  of  the  molecules  is  the  same  for 
the  greater  part  of  the  metals. 

In  this  second  paper  whicb  I  have  the  honor  to  present  to  the  Acad- 
emy, my  object  is  to  see,  first,  if  these  laws  are  equally  apphcable  to 
alloys.  Then  to  ascertain  whether  the  mechanical  properties  can  assist 
us  to  an  understanding  of  the  arrangement  of  the  molecules  of  the  con- 
stituent metals  of  the  alloys;  and,  finall.y,  to  seek  for  some  relations 
between  the  properties  of  the  alloys  and  those  of  the  constituent  metak 

In  general,  the  alloys,  in  spite  of  their  frequent  employment  in  the 
arts,  have  not  yet  been  studied  as  to  their  elasticity.  The  coefficients 
of  elasticity  of  two  alloys  alone,  that  of  brass  and  that  of  bell-metaJ. 
have  been  determined  by  Tredgold,  Savart,  Bevan,  and  Ardant. 

The  cohesion  of  the  alloys,  on  the  contrary,  has  been  the  object  of  a 
long  series  of  experiments,  especially  on  the  part  of  Musschembroek  and 
Karmasch,  but  yet  no  general  law  has  been  found.  The  alloys  which  I 
have  used  in  my  experiments  have  been  prepared  in  part  of  .the  pure 
metals  employed  in  my  former  researches,  and  in  part  of  the  purest 
meto-Is  of  commerce.  After  mixing  them  well,  1  stirred  them  fi-equently 
while  in  fusion,  then  poured  them.  The  ductile  alloys  were  drawn,  the 
others  filed  to  the  requisite  size.  I  will  not  go  into  the  details  of  these 
experiments,  which  were  precisely  similar  to  those  made  on  simple 
metals,  but  only  say  that  I  feel  bound  to  analyze  chemically  all  the 
alloys,  although  I  might  have,  for  the  most  part,  mixed  the  metals  bv 
atomic  weights,  or  the  simple  multiples  of  those  weights.  But  the  un- 
equal oxidization  or  the  partial  vaporization  of  a  constituent  has  often 
and  considerably  changed  the  j)roportion8. 

When  the  alloys  were  composed  of  metals  whose  specific  weights  were 
very  diflferent,  or  when  they  ottered  inequalities  of  color  or  of  malleability, 
I  made  the  analysis  on  parts  taken  from  the  two  extremities  ot*  the  ca.<t 
bar;  consequently,  with  these  analyses,  I  was  obliged  to  reject  a  hvge 
number  of  non-homogeneous  bars. 

My  experiments  were  made  upon  fifty -four  binary  alloys  and  nine 
t-ernary  alloys,  among  which  are  found  also  most  of  the  alloys  employeil 
in  the  arts,  such  as  brass,  pinchbeck,  gong-metal  annealed  and  nnan- 
uealed,  bronze,  packfong,  type-metal,  &c. 

These  experiments  gave  the  following  results : 

1st.  If  we  suppose  all  the  molecules  of  an  alloy  to  be  the  same  dis- 
tance from  one  another,  as  seems  natural,  we  find  that  the  smaller  the 
mean  distance  the  greater  is  the  coefficient  of  elasticity.  We  notice  fre- 
quently some  exceptions  in  the  series  of  alloys,  and  further,  the  prodnct 
qd^  which  is  almost  constant  for  simple  metals,  varies  greatly  in  the 
alloys.  It  is  possible  that  another  hypothesis  on  the  molecular  arrange- 
ment will  cause  this  objection  to  disappear. 
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2d.  The  coefficient  of  elasticity  of  the  alloys  agrees  sufficiently  well 
with  the  mean  of  the  coefficient  of  elasticity  of  the  constituent  metals, 
some  alloys  of  zinc  and  copper  being  the  only  exceptions.  The  only 
condensations  and  expansions  which  occur  during  the  formation  of  the 
alloy  do  not  sensibly  affect  the  coefficient.  We  can  then  calculate  be- 
forehand what  should  be  the  composition  of  an  alloy  in  order  that  it 
mrfy  have  a  given  elasticity,  or  that  it'  may  conduct  sound  with  a  given 
rapidity,  provided  that  this  elasticity  or  this  velocity  fall  within  the 
limit's  of  the  values  of  these  same  quantities  for  the  known  metals. 

3d.  Neither  the  tenacity,  nor  the  limit  of  elasticity,  nor  the  maximum 
elongation  of  an  alloy  can  be  determined  a  priori  by  means  of  the  same 
quantities  as  determined  for  the  metals  which  compose  them. 

4th.  The  alloys  act  like  the  simple  metals  as  to  longitudinal  and  trans- 
verse vibrations,  as  well  as  elongation. 


EESEAEOHES  ON  THE  METALLIC  ALLOYS. 

By  M.  Alfred  Biche.* 

There  is  no  study  more  generally  neglected  than  that  of  the  metallic 
alloys.  This  very  general  neglect  is  due  to  the  fact  that  the  character- 
istics upon  which  we  rely  in  determining  the  purity  of  substances  are 
usually  inapplicable  to  these  substances.  The  melting  points,  even,  can- 
not be  determined,  either  because  decomposition  takes  place  oefore  they 
attain  their  high  temperature,  or  because  we  have  no  precise  means  for 
determining  such  high  temperatures. 

In  the  second  place  their  crystalline  form  is  not  a  gauge  of  their 
purity,'for  Cooke  and  Matthiessen  and  De  Bose  have  recently  shown 
that  the  crystalline  form  of  certain  alloys  does  not  vary  even  when  16 
per  cent,  of  one  of  the  two  metals  is  substituted  for  16  per  cent,  of  the 
other. 

Finally,  liquation  often  prevents  the  precise  determination  of  the 
point  at  which  the  metal  melts  and  solidifies.  This  latter  property, 
however,  enabled  31.  Budberg  to  prove  the  existence  of  true  chemical 
combinations  among  the  numerous  alloys  of  the  two  metals,  but  it  can 
only  be  utilized  in  a  few  cases  where  the  point  to  be  determined  is  that 
of  the  melting  of  alloys  at  low  temperature.  There  is  another  charac- 
teristic of  which  we  take  advantage  in  other  cases,  especially  when  we 
wish  to  determine  the  combinations  that  water  forms  with  the  mineral 
acids;  this  is  the  maximum  contraction. 

It  seems  to  me  that  this  should  he  a  characteristic  of  all  the  metals, 
but  there  exists  to  my  knowledge,  at  least,  no  data  on  the  subject.  It  is 
only  known  that  certain  alloys  are  more  dense  really  than  they  are  the- 
oretically, and  that  in  others,  on  the  contrary,  the  density  given  by  ex- 
periment is  less  than  the  average  density  of  the  constituent  metals. 

I.  Alloys  of  tin  and  lead. 

Density  of  the  melted  tin  employed ».-^*:.. ^ 7.30 

Density  of  the  melted  lead  employed • 11.364 

The  following  table,  of  which  the  first  column  contains  the  theoretical 
density  of  the  alloys,  the  second  their  density  as  given  by  experiment, 
and  the  third  the  difference  between  these  two  densities,  shows  that 


« 


Comptes  Bendu8,myo\,  55,  1862,  pp.  143-147. 
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there  is  sometimes  dilatatiou  and  sometimes  contraction)  and  that  the 
maximum  of  contraction  corresponds  exactly  to  the  alloy  Sn^  Pb : 

[The  sign  —  indicates  dilatation ;  tho  sign  +  indicates  contraction.] 


Sn»  Pb 

Sn*Pb 

Sn'Pb* 

Sn»Pb 

Sn»Pb» 

Su»Pb 

Su»Pb» 

Sn  Pb 

Rn  Pb» 

Sn  Pb« 


Theoretical. 


Density. 


ExperimentaL 


Density. 


&047 

&046 

~fl.»l 

&193 

&195 

+0.002 

a28» 

&2915 

+0.00*25 

8.407 

8L414 

+0.007 

a5e2 

&5«5 

+O.O08 

8.764 

£.7682 

+0.ey22 

9.044 

0.046 

+aoo2 

9.4S5* 

9.461 

-0.004 

ID.  115 

10. 110 

—a  005 

10.437 

10.410 

-a  018 

DiffercDct. 


The  differences  being  slight  I  made  a  large  number  of  determination^ 
especially  on  the  alloy  Sn^  Pb  and  those  near  it;  it  is  for  this  reason 
that  I  took  the  density  of  the  alloys  corresponding  to  the  formulae  So* 
Pb»  and  Sn-*  PW. 

For  the  alloy  Sn^  Pb  alone  I  made  seventeen  determinations,  which  all 
gave  numbers  varying  between  8,417  and  8,411.  I  worked  each  time 
upon  newly  prepared  samples  in  quantities  varying  between  45  and  75 
grammes  at  varying  temperatures. 

The  alloys  were  prepared  directly  by  melting  in  earthen  crucibles, 
stirring  carefully,  then  cooling  in  a  long  aud  narrow  cast-iron  ingot 
mold  of  such  shape  that  solidification  took  place  almost  instantly,  and 
consequently  liquation  did  uot  affect  the  product  obtained. 

The  density  of  the  entire  ingot,  and  not  of  a  portion  of  it,  was  taken. 
The  hydrostatic  balance  was  employed.  The  numbers  obtained  corre- 
spond to  the  temperature  of  18°  O.  Analysis  of  the  alloy  Sn^  Pb  and  of 
the  alloys  near  it  was  afterwards  made,  and  the  numbers  given  by  ex- 
l>eriment  correspond  with  the  theoretical. 

Is  the  alloy  Sn^  Pb  a  distinct  chemical  compound  f  It  seems  to  me 
unquestionable,  for  this  is  the  point  of  saturation,  the  point  of  maximum 
contraction,  and  this  point  corresponds  to  an  atomic  combination. 

Besides — and  it  is  for  this  reason  that  I  commenced  my  researches  on 
the  alloys  of  tin  and  lead  which  were  the  principal  subject  of  the  works 
of  M.  iludberg — this  alloy  is  the  only  chemical  compound  which  be 
admits  to  exist  between  these  two  metals.  Two  different  methods, 
then,  lead  to  the  same  conclusion: 

II.  Alloys  of  lead  and  bismuth. 

Density  of  the  lead H*^ 

Density  of  the  bismnth - ^-^^ 


Bi'Pb. 
Bi  Pb. 
Bi  Pb« 
ri»Pb» 
Bl  Pb« 
Bi«  Pb' 
Bi  Pb* 
Bi  Pb« 
Bi  Pb« 
Bi  Pb» 


Theoretical. 


Density. 


10.099 
10. 288 
10.536 
10.623 
10.448 
10.  748 
10.797 
10. 874 
10.  932 
10. 979 


Experimental. 


Density. 


10.232 
10. 519 
10.931 
11.038 
11.  ]08 
11.166 
11.194 
11. 209 
11. 225 
11. 236 


Difference. 


0.138 
0.231 
0.395 
0.416 
0.660 
0.418 
0.397 
0.335 
0.293 
0.254 


Bemarks. 


Haximnm  oontisctioB- 
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The  maximum  contraction,  then,  corresponds  to  the  alloy  Bi  PV,  and 
on  the  other  side  of  this  alloy  a  very  regular  diminution  in  contraction 
will  be  noticed.  The  differences  being  very  great  both  between  the 
theoretical  and  experimental  density,  and  between  the  density  of  each 
alloy  and  that  of  its  neighbors,  I  only  made  two  determinations  for  each 
alloy.  As  analysis  of  the  ends  and  of  the  middle  of  the  ingot  formed 
by  the  alloy  Bi  Pt^  gave  the  same  numbers,  it  seems  to  me  that  this 
aUoy  should  be  considered  as  a  chemicid  compound. 

M.  Badberg  did  not  experiment  upon  this  alloy  Bi  Pb',  which  is  of  a 
grayish-white,  and  formed  entirely  of  little  crystals.  Distilled  water 
attacks  it  with  sufficient  rapidity  to  give  birth  to  little  pearly-white 
spangles,  which  are  held  in  suspension  in  this  liquid  when  it  is  stirred. 

III.  Allays  of  antimony  and  lead. 

Density  of  the  antimony 6.641 

Density  of  the  lead 12.364 


TheoretlcaL 

ExperixnentaL 

X\14l 

•> 

Bomarks. 

. 

DeoBity. 

Density. 

xftuoKvaoo. 

Sb*  Pb 

7.287 

7.885 

7.651 

a  271 

9.046 

9  510 

a  819 

10.040 

ia206 

10.335 

10.488 

10. 521 

10.592 

10.652 

.       10. 702 

10. 746 

ia785 

7.214 

7.361 

7.622 

a238 

a  999 

9.502 

a  817 

10.040 

10.211 

10.344 

10.455 

10.541 

10. 615 

10.678 

10.722 

10.764 

10.802 

-.098 
—.024 
—.029 
—.038 
-.047 
—.008 
—.002 

Sb»Pb 

Sb»  Pb 

SbPb 

SbPb« 

HfftTfrnnm  (UlatAtlfm. 

Sb  Pb* 

% 

Sb  Pb* 

Sb  Pb» 

Sb  Pb» 

-.005 
-.009 
-.017 
-.020 
-.028 
-.021 
-.020 
-.018 
-.017 

Sb  Pb» 

Sb  Pb» 

Sb  Pb» 

Sb  Pb" 

MATlmnm  AAntroivftAn. 

SbPb" 

Sb  Pb" 

SbPb« 

Sb  Pb" 

The  maximum  of  contraction  corresponds  moreover  to  an  atomic  alloy 
Sb  Pb^^,  which  has  a  rather  simple  composition,  and  near  the  alloy  Sb 
Pb'  is  the  maximum  of  dilatation.  The  phenomena  are  therefore  more 
complicated  than  in  the  preceding  cases. 

These  alloys  are  crystalline.  The  alloys  near  Sb  Pb*  crystallize  in  quite 
large  scales.    Thecrystalsof  thefollowiugare  very  fine  yet  very  distinct : 

lY.  Alloys  of  tin  and  bismuth. 

I  have  been  able  to  make  but  one  series  of  experiments  on  pure  bis- 
muth.   I  propose  to  prepare  some  anew  in  order  to  verify  them. 


Theoretical. 

Bxperimental. 

TM4L 

» 

Semiirks. 

Density. 

Density. 

BI«Sn 

a  426 
a  135 
a  740 

a  491 

a  306 

a  174 

a  073 
7.994 

a  434 
a  145 
a  754 
8  506 
a  327 

a  100 

a  097 

a  017 

k008 
-.010 
-.014 
^015 
-s021 
-.025 
-.024 
-.023 

BiSn 

Bi  Sn« 

BlSn» 

BiSn-* 

BI  Sn« 

'M'l^xiTnpm  iy;mtnu*t{nn. 

BiSn* 

BiSn' 

The  maximum  of  contraction,  therefore,  should  take  place  in  the  alloy 
Bi  Sn*  which  is  a  silvery- white  metal  formed  of  little  crystalline  grains 
commingled.  This  alloy  was  not  attacked  by  distilled  water ;  at  the 
end  of  several  hours  it  retained  its  brilliancy  and  its  silvery  luster. 
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BESEABOHES  O^  THE  ALLOYS. 

» 

Bt  M.  Alfred  Richk.* 

In  this  note,  which  is  a  snmmary  of  a  general  research  on  the  alloys, 
I  have  to  do  only  with  the  alloys  of  copper  and  tin  with  respect  to  their 
density,  liqaatioo,  and  fusibility. 

Density. — ^The  first  determinations  were  made  on  bars  weighing  from 
50  to  60  grammes,  bat  no  great  importance  can  be  attached  to  the  re- 
sults obtained  on  accoant  of  the  considerable  variations  which  exist  in 
the  texture  of  the  different  alloys,  and  for  this  reason  I  afterward  worked 
with  these  itaaterials  reduced  to  fine  powder.  The  subjoined  table  shows 
a  new  fact,  namely,  that  the  contraction  increases  quite  regularly  from 
the  alloys  very  rich  in  tin,  up  to  the  alloy  Sn  Cu*,  and  that  from  this 
point  it  suddenly  increases,  attaining  a  maximum  when  the  tin  and  cop- 
per are  in  the  relation  of  1: 3.  From  this  alloy  the  density  diminishes, 
then  again  increases  quite  regularly,  but  the  density  of  the  alloys  con- 
taining most  copper  is  less  than  that  of  the  alloy  Sn  Cu',  which  contains 
only  62  per  cent,  of  copper.  Besides,  this  alloy  is  clearly  different  fix>m 
all  the  others  in  its  characteristics^  it  is  brittle  enough  to  be  pounded  in 
a  mortar,  and  is  seen  in  bluish  crystalline  grains,  which  in  no  respect 
resemble  tin  or  copper. 


DeKrity  of  the  alloy*  of  copper  and  Hn, 


FoRBola  of  the  alloy. 


Sii'C« 

Sii*Cu 

Sn^Ca 

Sn'Cn 

SnCu 

Sn«Ca« 

SnCu« 

SnCu« 

SnCu* 

SnCu» 

SnCa« 

8nCu» 

SnCu* 

SnCu" 

Sn  Ca^^  cannon-bronse. 


Centesimid 
oomposition. 


<Sn. 
>Cu. 

Sn. 

Cu. 

Sn. 

Cu. 

Sn. 

Cu. 
(Sn. 
{Cu. 
CRn. 
{Cu. 
5Sn. 
{Cu. 
5Sn. 
\Cn. 
CSn. 
>Cu. 
CSn. 
{Cu. 
<Sn. 

\CVL. 

CSn. 
iCu. 
CSnt 
{Cu. 

Sn. 

Cu. 

Sn. 

Cu. 


.90.27) 

.9.73  5 
.88.16/ 

.11.84  5 
.84. 79  \ 

.15.215 
.78.79 
.21. 31 
.65. 01 1 
.34.99  S 
.55.38t 
.44. 67  5 
.4a  16) 
.61. 84  5 
.38.21  ( 
.61.79  5 
31. 72  I 
.68.28  5 
.27.09) 
.72.  91  5 
23.09 
76.31 
.20.  98 
.79. 02 
.18.85) 
.81.15  5 
.15.67) 

.84.33  5 

.11.00 

.89.00 


Density 
of  the 
bftra. 


I 


7.52 
7.50 
7.58 

7.74 
8.12 

aso 
as? 
a96 
aso 
a  87 
a  91 
a90 
a86 
a  83 
a8o 


Density  of  the  powdem;  ^f^^ 


7. 28.. -•..... 

7.82 

7.04 

7.58 

7.43 

7.44 

7.81 

7.84 

7.93 

7.87 

aoo 

an 

ao7 

O.   Zo  ....  . 

a86^84-a99 

a93-a92-a9o 
a65-a85... 

aso 

a73-a60... 

a  51-8. 65... 

a54 

a77 

a67 

a  77 

9.06^62... 

a83   -    ... 

a  72-9. 04  .. 

a98-a73... 

a  97-8. 74... 

asi 


7.a 

7.46 

7.50 
7.66 
7.7» 
7.98 

ao4 
a2i 
asa 
a4o 
a4d 
aso 
asi 
aoo 
a69 


~0ll5 

—a  51 
-ao6 

-HLSS 

+0.11 
+QlU 
+0.U 

+a7o 
•i-a45 

+0.22 

-H>.i9 
+a22 
+asi 
+a27 
+ai5 


Liquation. — ^The  separation  of  the  alloys  into  other  alloys  at  the  mo- 
ment of  solidification  is  not  as  marked  as  that  of  the  alloys  of  silver  and 
copper.  In  order  to  show  this  characteristic,  the  material  must  be  stirred 
at  the  moment  of  solidification  in  order  to  separate  the  little  drops  of 
metal  from  the  crystals  already  formed. 

«  Annales  de  Chimie,  vol.  30, 1873,  pp.  351-419 ;  Dinglei's/oumaZ,  vols.  213, 214 ;  1874. 
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The  following  results  were  obtained  on  the  last  sample  left  liquid  in 
a  mass  weighing  1,000  to  1,200  grammes : 


Formula  of  the  alloy. 

Calculated 
weight  of  Un. 

Welghtoftln 
M  found. 

Formnla  of  the  alloy. 

Calculated 
weight  of  tin. 

Weight  of  tin 

as  found. 

• 

Sn'Cu 

90.27 
84.79 
78.79 
65.01 
46.49 
87.37 
8L72 

98.50 
96.99 
94.40 
82.83 
60.42 
87.29 
8L15 

SnCu» 

27.09 
23.69 
19.98 
ia85 
15.67 
11.00 

27.76 

Sa<Ca 

SnCa* 

25.17 

Su«Cu 

SnCu' : 

24.85 

SnCu 

BnCa* 

24.62 

Sn  Cu» 

SnCn" 

24  50 

Sn  Cu» 

SnCu^ 

14.35 

SnCa« 

Consequently,  liquation  is  exhibited  by  all  the  alloys  excei)t  Sn  Cu^ 
and  Sn  Cu*. 

Fusibility, — In  order  to  determine  the  fusibility  of  the  alloys,  I  have 
recourse  to  the  thermo-electric  couple  of  platinum  and  palladium  of  M. 
Becquerel.  This  apparatus  was  made  by  M.  Buhmkorlf.  It  may  render 
great  service  to  chemists,  and  is  already  employed  in  the  metal  foundery 
and  in  the  pottery  manufactory;  but  instead  of  using  an  ordinary  gal- 
vanometer, I  employed  Weber's  needle,  which  is  much  more  sensitive. 

I  worked  ordinarily  on  the  preceding  alloys  and  on  the  metals  of 
which  the  points  of  fusion  and  of  ebullition  have  been  taken  as  ^ed 
points  by  varioog  experimenters. 

From  the  numerous  determinations  that  I  made,  it  follows  that  the 
solidification  of  the  alloys  Sn  Gu^  and  Sn  Gu^  took  place  at  a  tempera- 
ture intermediate  between  the  point  of  fusion  of  antimony  an<].  the  boil- 
ing point  of  cadmium. 

Boiling  water  nDder  a  presBnre  of  76  centimeters %... 24 

Solidification  of  tin ^ 57 

Solidification  of  antimony 306 

Solidification  of  Sn  Cu^ 247 

Solidification  of  Sn  Cn< 265 

£bnllition  of  cadmium 335 

I  tried  this  determination  on  all  the  preceding  alloys,  and  will  give 
the  results  in  the  detailed  memoir ;  but  it  is  clear  that,  on  account  of 
liquation,  we  can  obtain  an  exact  result  only  with  the  alloys  Sn  Gu^  and 
Sn  Gu^,  in  which  there  is  no  sensibte  liquation. 

In  a  previous  paper  I  gave  the  fusibility  and  density  of  the  bronzes, 
and  I  showed  that  the  alloy  Sn  Gu^  does  not  separate  into  other  com- 
pounds even  when  it  is  kept  melted  and  stirred  for  a  long  time.  I  stated, 
as  Galvert  and  Johnson  had  previously  shown,  that  copper  and  tin  exhibit 
maximum  contraction  in  this  alloy,  contrary  to  the  opinion  of  other  ex- 
perimenters, who  have  maintained  that  contraction  increases  with  the 
proportion  of  tin.* 

The  errors  on  this  point  and  the  differences  which  exist  between  the 
numbers  obtained  by  Calvert  and  Johnson  and  mine  are  probably  due 
to  the  fact  that  I  worked  on  alloys  reduced  to  fine  powders,  while  the 
other  experimenters,  and  probably  the  able  English  authorities  them- 
selves, made  use  of  ingot  metal.  Now,  supposing  that  they  avoided  the 
formation  of  blowholes  in  cooling,  the  texture  of  the  alloys  presents  such 
differences,  and  the  density  of  certain  bronzes  varies  so  greatly  with  the 
rapidity  of  cooling,  that  the  materials  cannot  be  compared  if  plates  or 
ingots  are  employed. 

I.  Caron,  in  his  celebrated  researches  on  steel,  has  undoubtedly  proved 
that  tempering  diminishes  the  density  of  this  body.  It  is  said  that  the 
same  is  true  of  the  bronze  of  sonorous  in8trument8.t  My  experiments, 
recapitulated  in  the  following  table,  show  the  contrary. 

*  Briche,  Traits  de  Chimie  de  M,  DumaSj  t.  iii,  p.  512. 

t  Dasaussoy,  TraitS  de  Ckimie  de  M,  Dwmaej  t.  iii,  p.  517.  Wertheim,  Annalee  de  Cbim, 
et  de  Fhjfs,,  3d  s^rie,  t.  zii,  p.  593. 
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Then,  tempering  and  annealing  produce  totirely  different  effects  npon 
steel  and  upon  bronze;  while  tempering  diminishes  the  density  of  the 
former,  it  increases  the  density  of  the  latter.  The  fact  is  no  more  than 
natural,  for  tempering  hardens  wrought  steel,  while  it  softens  bronze. 
As  to  smnealing,  it  increases  the  density  of  tempered  steely  while  it  di- 
minishes the  density  of  tempered  bronze. 

HwnUmann  tteel  uted  in  making  coin  at  the  mint  of  Paris. 


17 umber  of  order. 


I 


H 


I 


i 


M 


s 

p 


a 


a 


1 

2 

8 , 

4 

5 

6 

7 


7.841 
7.  Ml 
7.839 
7.ai9 
7.839 
7.846 
7.839 

7.843 
7.843 
7.»45 
7.842 

7.736 
7.749 

7.708 


ga 

eg 

'B'3'S 
P 


1^ 

ce 


7.758 
7.756 
7.7«j3 
7.705 


7.S3: 
7.85J 


Bronxe  at  20  per  cent,  (sonorous  instruments). 


1 

o 


1.. 

2.. 
3,, 
4.. 
6.. 
6.. 
7.. 


Density  after  cast- 
ing. 

Density  after  tern* 
pering. 

Density  after  an< 
nealing. 

Density  after  tern- 
pering  and  an- 
nealoig. 

a787 
a858 
a  826 
a  862 
a863 
a  737 
a  873 

a823 
a  915 
8-863 
a  796 
a906 

a  817 
a  007 
a  847 
8  886 
a  894 

.  •  •  •                   • 

8.733 
a  782 

c  a 
•3d  . 

-SIC 
P 


V  e  o 

P 


a  849 

8.937 

a  874 

a  907 

■  '8.763 

a922 

a  911 

lu 

S  B  s  . 

"Z  m  bis 
<3  £  fl  S 


a  753 
a889 


bfi 


ill 


I 


tl  ell* ;: 


a  775 
a926 


&78« 


11.  In  view  of  these  results,  it  will  be  interesting  to  know  whether  these 
differences  are  shown  when  tite  materials  are  subjected  to  hammerm^or 
to  the  press.  The  following  table  shows  the  variations  in  density  when 
steel  and  bronze  are  subjected  to  the  successive  action  of  blow  and  of 
heat:* 


Initial  density 

Density  oft^r  action  of  fire 

Density  after  first  blow 

Density  after  second  action  of  fire 

Density  after  second  blow 

DeuB.ty  after  thiid  lUMiou  of  fire. . 

Density  after  third  blow 

Density  after  fourth  action  of  lire. 

Density  aft«r  fonrlh  blow 

Density  aft^  fifth  action  of  fire . . . 


St«eL 

I. 

n. 

7.846 

7.847 

7.849 

7.849 

7.839 

7.843 

7.844 

7.843 

7.838 

7.839 

7.844 

7.845 

7.837 

7.841 

7.849 

7.854 

7.849 

7.849 

7.844 

7.846 

Bronze. 


Tempering. 


a627 
a543 

a  771 

a  777 

a  871 

a877 

a9is 

a927 
a937 

a9i5 


^sauB^l' 


*  These  motals  were  in  sheets  weighing  from  80  to  150  grammes.    They  ''^*'  h^d 
nnder  a  press  worked  by  lour  men.    The  steel  had  been  annealed.    The  bronze 
been  tempered  in  some  experiments  and  annealed  in  others.    The  materiaU  wero  w 
in  the  same  sheet>iron  case,  sorroanded  with  coal  dust. 
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Hence,  blows  act  very  differently  on  bronze  and  on  steel.  They  con- 
siderably increase  the  density  of  the  former,  while  they  produce  scarcely 
any  sensible  diflTerence  in  steel,  though  the  tendency  is  to  diminish  its 
density.  If  this  latter  effect  is  realized  in  all  the  conditions  of  the  blow 
for  steel,  we  may  conclude  that  the  blow  produces  in  these  two  cases 
the  same  result  as  tempering.  The  fact  is  unquestionable  for  bronze 
at  least;  and  as  in  this  case  the  action  of  heat  and  of  blows  tend  both 
in  the  same  direction,  the  density  increases  considerably ;  indeed,  after 
five  temperings  the  density  increased  nearly  one-twentieth. 

We  see,  then,  how  on  the  one  hand  a  block  of  steel  subjected  to  im- 
pression in  making  coin  undergoes  thirty  and  even  sixty  annealings 
without  being  affected;  and  we  see  on  the  other  hand  how  all  the  at- 
tempts made  in  our  country  to  manufacture  tamtams  and  cymbals  with 
the  metal  of  the  Chinese  and  Turks  have  been  unsuccessful,  for  the  metal 
once  melted  it  was  made  red-hot  or  tempered,  and  then  worked  cold  ;* 
all  operations  which  contract  the  metal,  and  make  it  liable  to  fracture 
during  the  working. 

Iti  order  to  succeed,  the  Oriental  method  of  working  must  be  exactly 
followed.  Kow,  we  understand  this  method  perfectly,  thanks  to  various 
travelers,  and  especially  to  M.  Champion,  of  the  Conservatoire  des  Arts 
et  Metiers^  who  describes  the  operation  in  all  its  details  in  a  work  which 
will  shortly  be  published.  This  method  is  very  reasonable.  Every  part 
of  the  work  which  has  for  its  object  the  thinning  of  the  caat  metal  is 
done  by  rapid  hammering  at  a  high  temperature.  The  dilatation  pro- 
duced by  heat  counterbalances  the  contraction  caused  by  the  ham- 
mering. 

111.  Copper  subjected  to  successive  tempering  and  annealing  presents 
nothing  similar.  The  density  scarcely  varies.  It  falls  a  little,  for  after 
seven  operations  it  was  reduced  from  8.921  to  8.781.  N"o  marked  differ- 
ence can  be  observed  in  the  effect  of  tempering  and  anneaUng.  It  is 
the  same  for  the  bronzes  containing  but  little  tin. 

If  in  making  copper  medals,  the  medal  still  red-hot  be  plunged  into 
acidulated  water,  it  is  simply  to  avoid  the  considerable  oxidization  pro- 
duced by  slow  cooling  in  contact  with  air. 

I  had  some  copper  medals  struck,  and  determined  the  density  after 
each  compression  and  after  each  cooling.  I  found  that  after  six'opera- 
tions  the  density  had  again  become  what  it  was  after  casting.  Tliis 
X>eculiarity  and  the  softness  of  the  copper  make  this  metal  one  especially 
adapted  to  making  medals. 

Analyses  of  antique  medals  show  that  the  ancients  sometimes  employed 
copper  for  this  purpose,  but  generally  bronze,  and  that  the  proportion 
of  tin  varied  between  one  and  twenty  per  cent. 

After  having  discovered,  by  means  of  an  ingenious  apparatus  made  by 
M.  Magna,  that  bronzes  containing  two  to  four  per  cent,  of  tin  are  not 
much  harder  than  copper,  I  had  some  medals  of  copper  and  of  other 
alloys  struck,  without  any  difference  in  the  mode  of  working.  The  differ- 
ences were  not  very  noticeable  lor  medals  of  35  millimeters,  and  under^ 
but  became  very  marked  in  strips  of  50  and  68  centimeters. 

While  in  making  a  medal  the  copper  had  to  undergo  but  7  compres- 
sions and  7  annealings,  there  were  required  10  for  bronze  of  97  of  copper 
and  3  of  tin  ,•  12  for  bronze  of  96  of  copper  and  3.5  of  tin ;  13  to  14  for 
bronze  of  96  of  copper  and  4  of  tin ;  16  at  least  lor  bronze  of  95  of  cop- 
per and  5  of  tin. 

*  We  ready  it  is  trne,  in  several  works  on  chemistry,  that  this  method  is  satisfactory. 
Our  best  manufactnrers,  M.  Lecomte  and  M.  Gautrot,  assured  me  that  no  one  had  yet 
succeeded  in  making  tamtams  and  cymbals  with  the  metal  of  the  Orientals.  (C.  IL, 
1869,  Semestre,  t.  Izix,  No,  5.)' 
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The  introduction  of  zinc  softens  the  mctalalightly,  for  14  compressions 
were  sufficient  to  make  the  same  medal  witii  an  alloy  containg  95  cop- 
per, 4  tin,  1  zinc,  and  16  to  18  were  necessary  with  an  alloy  containing 
94  copper,  4  tin,  and  2  zinc,  which  was  formerly  employed. 

Very  important  works  on  the  alloys  have  been  published  within  a  few 
years  by  MM.  Wertheim,  Levol,  Matthiessen,  Calvert  and  Johnson,  &c. 
Yet  we  are  far  from  understanding  satisfactorily  the  general  properties 
of  the  more  important  classes  of  these  bodies,  such  as  bronze  and  brass, 
and  I  have  devoted  myself  to  filling  up  some  of  the  gaps  iii  our  knowl- 
ed  ge  of  these  subjects.  In  this  first  paper  I  consider  more  especially  the 
alloys  of  copper  and  tin  with  reference  to  their  fusibility,  Uquatiou,  and 
the  modifications  which  take  place  in  their  volume,  under  the  influences 
of  annealing,  heating,  and  mechanical  action.  Afterwards,  I  speak  more 
briefly  of  copper,  of  its  alloys  with  zinc,  aluminium,  nickel,  and  iron,  and 
finally  I  compare  these  bodies  with  steel,  iron,  and  glass,  with  reference 
to  the  variation  in  volume  that  tempering  and  annealing  produce  in  these 
difi'erent  substances. 

The  determination  of  the  mechanical  properties  remained  to  be  Con- 
sidered. Not  having  at  my  disposal  the  necessary  apparatus,  I  applied 
to  M.  Tresca,  who  has  established  at  the  '^  CoTisertatoire  den  Arts  et  Me- 
tiers^^  special  apparatus  for  this  so^t  of  experiments,  and  I  shall  shortly  , 
publish,  in  common  with  M.  Alfred  Tresca,  the  second  part  of  this  work, 
including  thestutly  of  the  mechanical  properties  of  copper,  tin,  zinc,  and 
their  principal  alloys,  prepared  in  atomic  proportions. 

§  I.— FUSIBILITY  OF  SOME  METALS  AND  ALLOTS. 

Liquation  of  bronze. 

I  have  tried  various  means  to  determine  the  fusibility  of  metals  which 
melt  at  high  temperatures,  and  it  seems  to  me  that  only  one  can  be  prac- 
tically applied  and  furnish  sufficiently  exact  results ;  this  is  the  thermo- 
electric pyrometer,  formed  by  the  junction  of  a  wire  of  platinum  and  one 
of  palladium  (an  apparatus  proposed  in  1835  by  M.  Becquerel,  senior, 
and  carefully  considered  by  M.  Edmond  Becqnerel  in  1863). 

This  instrument  allows  of  the  temperature  being  measured  by  com- 
paring the  deviation  produced  at  the  moment  when  the  matter  solidifies 
or  melts,  with  the  deviation  observed  in  baths  having  a  fixed  tempera- 
ture. This  pyrometer,  so  graduated,  may  be  of  great  service  in  chemical 
and  industrial  pursuits.  M.  Bubmkorfi*,  who  makes  these  instruments, 
has  introduced  them  into  the  establishments  of  the  founders  and  pottery 
manufacturers. 

The  needle  employed  in  manufactures  is  an  ordinary  one,  but  for  re- 
searches, where  precision  is  required,  it  is  necessary  to  make  use  of 
Weber's,  which  I  have  employed.  The  only  difficulty — and  it  is  a  very 
serious  one — is  in  finding  a  position  for  it  where  ic  will  not  shake  or 
tremble. 

I  use  at  least  one  kilogram  of  alloy.  When  it  is  fiisible  at  a  low  tem- 
perature it  is  heated  in  a  crucible  in  which  the  porcelain  tube  contain- 
ing the  pyrometer  is  placed.  When  it  melts  at  a  high  temperature  it  is 
first  raised  to  that  {)oiut  in  a  blast-furnace,  and  the  crucible  of  molten 
metal  is  placed  in  an  ordinary  laboratory  furnace  where  it  is  slowly 
cooled.  The  pyroinetric  tube  previously  heated  is  then  introduced  into 
the  bath,  and  the  deviation  at  the  moment  of  solidification  is  noted. 

All  the  alloys  of  copper  and  tin  are  subject  to  liquation  at  the  moment 
of  solidification  save  those  of  which  the  composition  corresponds  to  the 
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formulsB  Sn  Cu*  and  Sn  Cu*.  The  liquation  is  slight  for  the  alloy  in 
which  tin  and  copper  are  in  the  relation  of  1 :  15,  and  considerable  for 
the  others,  in  such  de<;ree  that  it  is  impossible  to  determine  the  fusibility 
of  any  except  the  alloys  Sn  Ou'  and  Sn  Ou*. 

Three  series  of  experiments  have  been  made.  In  the  last  two  the 
wire  wound  around  the  bobbin  of  the  galvanometer  was  much  longer, 
and  in  one  section  ton  times  smaller  than  the  wire  which  had  been  used 
in  the  former  series. 

This  modification  in  the  apparatus  was  made  in  order  to  increase  the 
resistance  of  the  thermo-electric  circuit  without  reducing  the  sensitive- 
ness of  the  instrument,  and  to  lessen  by  this  means  the  error  which  re- 
sults from  the  variation  in  conductibUity  in  the  circuit,  which  is  caused 
by  variations  of  temperature. 

'  Each  day,  at  the  beginning  and  at  the  close  of  the  experiments,  those 
results  only  were  considered  good  which  were  obtained  when  the  devia- 
tion was  obviously  the  same  in  these  two  experiments. 

M.  Edmond  Becquerel  was  very  desirous  of  verifying  my  principal  re- 
sults with  my  pyrometer,  and  he  found  them  proportional  to  the  results 
obtained  by  him  for  the  same  bodies. 

Table  1. 


Water  boils 

Tin  HolidifleB 

Lead  ftolldifles 

Meronry  boils 

Sulphnr  boils 

Antimony  solidifies 

Alloy  Sn  Cn>  solidifies  .... 
Alloy  Sn  Cn« solidifies  .... 

Cadminm  boils 

Coin  silver  (800)  solidifies 
Cannon  bronze  solidifies.. 

Gold  (899)  solidifies , 

Copper  solidifies 


1 

Bevifttions  observed. 

i 

1 

L 

n. 

lOOOC. 

28 

19 

10.5 

228      • 

67 

40.5 

24.2 

228 

80 

50 

82. 0 

858 

01 

81 

42.5 

445 

123 

104 

56.0 

*584 

206 

181 

05.0 

584 

247 

200 

106.0 

584 

205 

200 

106.0 

t720 

835 

200 

115.0 

720 

800 

892 

207.0 

7<0 

*40« 

802 

207.0 

720 

448 

892 

207.0 

720 

475 

435 

288.0 

^85  . 


1.81 
1.93 
1.84 
1.90 
1.80 
LOO 
L88 
L88 
L88 
L89 
1.89 
1.89 
L86 


*M.  BecqaereL 


t  Approximate  result. 


I  made  a  large  number  of  experiments  specially  to  determine  the  com- 
parative fusibility  of  the  alloys  of  tin  and  copper.  They  have  always 
agreed  with  Sn  Cu*,  and  especially  with  Sn  Cu^,  and  have  been  very 
irregular  with  the  others.  These  latter  results  are  caused  by  the  liqua- 
tion of  the  alloys  at  the  moment  of  solidification.  In  order  to  determine 
within  what  limits  copper  and  tin  separate  from  their  alloys  I  first  pro- 
posed to  melt  them  in  an  iron  ingot  mold,  as  Levol  did  some  large 
spherical  masses,  and  analyze  the  different  parts,  but  with  one  part  the 
liquated  alloy  is  not  very  hard,  and  with  another  part  the  proceeds  of 
the  mixture  have  not  the  sharpness  of  those  resulting  from  the  tests  of 
the  alloys  of  gold  and  silver,  and  I  was  obliged  to  give  it  up  after  a 
number  of  unsuccessful  attempts. 

Two  series  of  experiments  have  been  made: 

1st.  From  500  to  700  grammes  of  alloy  were  melted  in  cylindrical 
earthen  tubes  of  three  centimeters  diameter  and  sixty  centimeters  in 
height. 

The  alloy  was  kept  in  the  tube  in  a  liquid  state  for  ten  hours,  and  left 
to  cool  very  slowly  in  the  niiddle  of  the  hearth,  covered  with  ashes. 
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To  avoid  oxidation  the  tabes  were  inclosed  in  a  large  earthen  box 
where  they  were  separated  by  coal-dust,  and  in  each  tube  was  placed 
coal,  which  floated  over  the  metallic  bath.  When  the  ingot  was  cool 
the  tubes  were  broken,  and  a  portion  taken  from  the  top  and  the  bottom 
of  each  alloy  for  trial. 

2d.  From  500  to  700  grammes  of  each  alloy  were  melted  in  an  earthem 
crucible  and  stirred  constantly  with  an  earthenware  rod  until  solidifl- 
cation  took  place,  so  that  the  liquid  portion  did  not  remain  viscous  in 
the  midst  of  the  solidified  mass.  Then  the  portion  subjected  to  analysis 
was  poured  off. 

The  following  table  shows  that  all  the  alloys  of  copper  and  of  tin  are 
subject  to  liquation,  except  those  which  correspond  to  the  formulae  Sn 
Ou^  and  Sn  Cu^,  which  explains  the  impossibility  of  determining  the 
point  of  fusion  of  any  except  these  two.  The  liquation  is  greater  in  the 
alloys  rich  in  tui  than  in  those  in  which  copper  predominates;  for  it  is 
only  in  the  former  that  it  has  been  possible  to  observe  the  different 
compositions  at  the  top  and  bottom  of  the  ingots  obtained  after  long 
fusion  followed  by  slow  cooling. 

Table  2. 


i 


£ 
a 

a 


1 
2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

IS 


Compoaition  of  alloy. 


Sii> 


On  I 


On. 


Sn   Cix«{gn».. 

Sn   Ca*{gn*: 
Sn   Cn.|Cu.., 

s»  cn.|gn*:: 
Sn  cn^lg^:: 

Sn   Cu.{gni- 

SnCn..|gr.: 
SnCa-{g,^".: 


9.78) 

90.27  5 

16.21) 

84.79  5 

21.21 

78.79 

34.99 

6&.01 

51.84) 

4a  16  5 

61. 79  ) 

3&215 
68.28) 
81. 72  5 
72.91) 

27.09  5 
76. 81 ) 

23.69  5 
79.02) 
20.  08  5 
81. 15  ) 

18.85  5 
84.33) 

15.67  5 

80.00 

11.00 


^i 


v< «  8  ^ 

1^ 


} 


Bottom,  Top, 
9n.9t    92.90 

83.15    78.90 

81.81    84.56) 

74.97    77.40  5 

sail    76.83) 

From  55  to  605 

Aaaay  lost 

87.29  87.66^ 

80.44  80.83 

27.15  26.78 

23.87  23.69 

2L00  21.82 

laSS  1&56 

16.18  16.18^ 

16.18  15.18 


Phyaioal  ohAiaeteriatica. 


24.60 

20.06) 
24.505 

13.10 


Tin  gny;  aofl,  I&o  that  metal;  non-ciya* 

Tin  gray;  crystallues  when  cooled  slowly. 
Tin  gray;  crystaUised;  qQitehaid. 

Whitish  gray;  orystallised;  hxittle. 

Bluish  gray;  like  sine;  Tory  ciystaDine; 
very  britUe. 

Pine-grained;  eaa  be  ponnded  in  a  mortar. 

White;  foliated;  fk^gile  as  glass. 

White,  with  ynllowish  refleotinns;  crystal- 
line; very  hard. 

Yellowish;  flnegndned;  Tery  hard;  malle- 
able to  dark  red. 

Phyaical  properties  like  the  preceding. 
Physical  properties  like  the  preceding  two. 
Yellow;  extremely  tenaeiooa. 
Cannon  bronze. 


*  Before  fosion. 


t  After  4  ftisions  in  air. 


§  n.-.DENSITY  OP  THE  ALLOYS  OF  OOPPEE  AND  TIN. 

«  My  first  experiments  were  made  on  bars  of  different  alloys,  bat  it 
should  be  remarked  that  even  supposing  it  were  possible  to  avoid  all 
blow-holes  in  the  cooling,  it  is  impossible  to  obtain  comparable  results 
because  of  variations  in  the  texture  of  the  bronzes.  Some  are  not  crys- 
taUiue,  others  have  a  very  fine  grain,  and  some  are  in  large,  thin,  tabu- 
lar crystals.  The  bars  on  which  I  experimented  in  the  former  assays 
weighed  between  sixty  and  seventy  grammes.    They  were  melted  in  the 
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Rame  mold.  In  the  second  series  of  experiments,  filings  were  taken 
from  top  and  bottom  of  the  ingots  which  had  been  used  in  the  preceding 
trials,  in  order  to  make  two  comparable  assays  for  every  alloy.  These 
filings  were  made  with  a  new  file,  and  were  afterwards  submitted  to  the 
action  of  a  magnet  in  order  to  separate  the  particles  of  iron  that  might 
have  been  detached  from  the  file.  The  density  was  estimated  in  this 
latter  case  by  a  hydrometer.  In  one  case  the  filings  being  placed  in  this 
vessel,  the  water  was  raised  to  the  boiling  point,  and  then  it  was  kept 
several  hours  in  vacuum. 
The  following  table  recapitulates  these  determinations : 

Table  3. 


FonnnlA  of  th«  alloy. 


Sn«Ca 
Sn*Cu 
Sn'Cu 
Sn»Ca 
SnCa. 
Sii«  Cu» 
Sn  Ca* 
8n  Cu» 
Sn  Cn« 
Sn  Ca« 
SnCu* 
SnCn' 
Sn  Ca« 
Sn  CaW 
SnCu" 


Centesimal 
oompoftition. 


.90.27) 

.  9.73  5 
.88.16 

11.81 
.84.79 
.15.21 
.78.70 
.21.21 
.65.01 
.84.99 
.55.83 
.44.67 
.48.16 
.51.84 
.88.21 
.6L79 

81.72 

.68.28  5 

27.09) 

.72.915 

23.69) 

.76. 31  5 

20.98) 

.79.02  5 

.18.85 

.81. 15 

.15.67 

.84.33 

11.00 

.88.00 


I 


Density 
of  the 
bftn. 


7.52 

7.50 
7.58 
7.74 
8.12 
&3U 
&57 
&96 
8.80 
&87 
&91 
a90 
&86 
a83 
8.80 


Density  of  the  fllings. 


7.23 ).28 

7.32 ?T.aj. 

7.04 fw  Qi 

7.58 M.dl.. 

7.43 U^ 

7.44 M.**. 

7.35 )»  tQ 

7.84 |7.DW.. 

7.  93 \m    QA 

7.87 M.W.. 

(8.00  IfiM 

t  6. 23.* '.'.'.'.'  ".'  \     ^^' ' 

<8!86^'84^'99)b  oi 
i8.93-8.92-a90S*^*'^*' 

C&6l-a85 la  7K 

{8.80 ?».7S.. 

\  8. 73—8. 59. ...    Co  gtn 

)  8.51-8. 65 e»-W- 

ca77-8.85 )«  7„ 

J  8. 54 ^8.7^.. 

h'% |a72.. 

I  o.  t  i  .........  y 

5  9.06-8.62 )fl  at 

{8  83 ?».o«.. 

C  8. 72-9. 04 )q  ~, 

{8.98-8.73 eo-o'- 

(8.97-8.74 )fl  OA 

}a81 j».M.. 


Calonlated 
density. 


7.43 
7.46 
7.50 
7.58 
7.79 
7.93 

ao4 

a  21 
a  82 

a  40 
a  46 
aso 
a64 
a60 
a60 


Differ- 
ence. 


-0.15 
-0.15 
-0.06 
+0:01 
+6.11 
+0.18 

+aii 

+0.70 
+0.43 
+a22 
+0.26 
+0.22 
+0.30 
+0.27 

+ai5 


It  was  my  intention  to  bring  these  densities  back  again  to  zero,  but 
the  uncertainty  which  prevails  as  to  the  value  of  the  coefficients  of  dila- 
tation of  the  metals^  and  the  differences  that  they,  present  according  to 
the  condition  in  which  the  metal  is  found,  either  firee  or  combined,  have 
led  me  to  give  the  numbers  which  have  been  deduced  by  experiment. 

These  results  verify  the  known  fact  that  copper  and  tin  contract  in 
uniting.  Still,  when  the  proportion  of  tin  is  very  great,  the  reverse 
seems  to  take  place,  but  the  difference  is  very  slight.  It  is  an  undoubted 
fact  that  the  contraction  is  very  slight  and  regular  up  to  the  alloy  Sn 
Cu^;  that  from  this  point  it  increases  suddenly  till  it  reaches  a  maxi- 
mum, when  the  copper  and  tin  are  in  the  relation  of  3  to  1.  The  exist- 
ence of  this  maximum  of  contraction  had  been  previously  announced  by 
Calvert  and  Johnson,*  contrary  to  the  opinion  of  other  experimenters 
who  had  maintained  that  the  contraction  increases  with  the  proportion 
of  tin.t 

The  errors  on  this  point,  and  the  differences  which  exist  between  cer- 
tain numbers  of  Calvert  and  Johnson,  are  explained  by  §§  IV  and  V, 

*  Calvert  and  J oYmaoii ,  Moniteur  Sdeniifique,  t.  iv,  p.  225,  1862. 
tBriche,  TraiU  de  Chimie  appliquie  aux  Arte,  Dumas,  t.  Ui,  p.  517. 
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and  by  the  fact  that  former  experimenterSy  and  the  able  English  chem- 
ists themselves,  worked  upon  ingots  and  not  upon  filings. 

To  begin  with  the  alloy  Sn  Cu^,  the  density  first  diminishes  and  then 
increases  quite  regularly ;  but  the  density  of  the  alloys  richer  in  copj>er, 
as  cannon  bronze,  is  inferior  to  that  of  the  alloy  Sn  Cu^,  which,  how- 
ever, contains  only  61.79  per  cent,  of  copper.  The  curve  sliowii  in  the 
following  table  gives  an  idea  of  these  variations  in  density  : 

Table  4. 


''''■''''''''     'I'     ' 


1     I     I     I     I     I     I     I     »     I     I     I     I     I     I     I 

Curve  representing  the  comparative  densities  of 

copper  and  tin. 


the  alloys  of 


It  will  be  noticed  that  a  great  number  of  assays  have  been  made  for 
the  alloy  Sn  Cu^  and  that  all  are  concordant;  that  the  density  of  the 
bar  verifies  the  results  obtained  with  matter  in  grain  and  in  powder. 
The  other  properties  of  this  alloy  are  equally  exceptional.  While  all 
the  preceding  have  the  gray  hue  of  tin,  and  while  those  that  follow  are 
white  or  yellow,  this  alone  is  distinguished  by  a  bluish  color.  It  exhibits 
no  liquation,  for  after  four  successive  fusions  the  last  solidified  product 
possessed  the  composition  that  it  had  immediately  after  the  first  casting. 

Consequently  the  alloy  Sn  Cu^  is,  in  the  series  of  alloys  of  copper  and 
tin,  what  the  alloy  Ag^  Cu*  is  in  the  series  of  alloys  of  copper  and  silver 
as  shown  by  Levol.* 

§  III.— HAEDNBSS. 

I  have  tried  various  methods  for  comparing  the  alloys  of  copper  and 
tin  in  respect  to  their  hardness.  I^one  have  given  sufficiently  satisfftc^ 
tory  results  to  enable  me  to  express  their  relative  hardness  by  numbers. 
I  finally  made  use  of  an  apparatus  invented  by  an  ingenious  engineer  of 

*Annale8  de  Chim,  et  de  Phys,,  3<i  a^m,  t.  xzxvi,  p.  193. 
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Paris,  M.  Magna,  an  apparatus  which,  since  my  experiments,  has  been 
used  to  test  rails  on  an  Eastern  railroad. 

It  consists  of  a  weight,  which  slides  withont  sensible  friction  in  an 
iron  tube,  where  it  can  be  made  to  fall  from  a  variable  and  determined 
height,  l^is  weight  strikes  a  punch  of  tempered  steel,  which  rests  upon 
the  specimen  to  be  tested.  This  specimen  is  firmly  fastened  upon  a 
block  of  steel  attached  to  the  tube  and  resting  upon  a  block  of  wood. 

But  very  imperfect  comparisons  are  obtained,  because  the  same  shock 
produces  a  considerable  impression  on  a  soft  alloy,  and  a  scarcely  observ- 
able dint,  which  is  very  difficult  to  measure,  on  a  hard  alloy.  If,  to  avoid 
this  difficulty,  we  strike  a  large  number  of  blows,  the  metal  hardens,  and 
from  thirty  to  sixty  blows  produce  only  insignificant  results. 

We  cannot  expect  to  destroy  the  effect  of  the  compression  by  anneal- 
ing, because  the  depths  of  the  impression  produced  are  variable  and  the 
surface  distorted,  when  they  should  be  plane  and  parallel.  We  can,  at 
most,  compare  by  this  means,  as  we  shall  see  further  on,  only  metals 
differing  but  little  in  hardness.  I  can  only  say  that  the  hardness  deter- 
mined by  this  means  increases  from  tin  to  the  alloy  containing  copper  and 
tin  in  the  relation  of  equivalents. 

From  this  alloy  up  to  that  which  corresponds  to  the  formula  Sn  Cu* 
the  metal  is  too  brittle  to  be  assayed.  The  hardness  of  the  bronze  of 
sonorous  instruments  is  such,  that  the  punch  is  not  sensibly  injured  by 
100  successive  shocks,  or  else  it  is  shattered. 

Hardness  diminishes  from  this  alloy  to  copper. 

We  will  now  exatnine  particularly  the  cannon  bronzes. 

§  IV.— BRONZE  USED  m  MAKING  SONOROUS  INSTRUMENTS. 

Cu  =  78  to  82 
Sn  =  22  to  18 


100 

D'Arcet  having  proved  that  this  bronze,  unlike  steel,  is  softened  by 
tempering  and  hardened  by  annealing,  it  was  proposed  to  determine 
the  modification  which  its  volume  undergoes  in  tempering,  annealing, 
and  mechanical  action. 

1.  Alternate  tempering  and  annealing. 

Ingots  of  this  bronze  were  melted  at  a  sufficiently  high  temperature  in 
a  cylindrical  iron  ingot-mold.  Solidification  took  place  in  a  few  sec- 
onds. For  the  fusion,  the  copper  was  first  heated  alone  in  an  earthen 
crucible;  two  or  three  pieces  of  coal  were  put  into  this  vessel  to  avoid 
oxydization.  When  the  copper  was  melted  the  tin  was  put  in,  and 
being  stirred  a  little,  it  melted  almost  immediately.  The  ingots  were  cut 
and  then  carefully  filed.  As  in  all  the  following  experiments  the  work 
was  performed  in  the  same  way,  we  will  describe  it  once  for  all. 

The  density  was  determined  in  all  the  experiments  with  two  exact 
balances.  That  used  for  weighing  in  water  had  been  made  especially 
for  that  use  at  the  laboratory  of  the  mint.  Boiling  water  was  used,  and 
the  ingots  were  suspended  by  a  horse  hair,  the  tr&ing  weight  of  which 
(08^  0.17  to  08"^  0.20)  was  deducted. 

The  temperature  at  which  most  of  the  following  determinations  were 
made  necessarily  varied,  but  for  each  series  of  experiments  the  tempera- 
ture did  not  vary  more  than  three  degrees,  the  balances  being  placed  in 
an  isolated  and  very  cool  position.  The  weight  of  the  specimens  was 
comparatively  large,  and  varied  frequently  within  the  somewhat  ex- 
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tended  limits.  In  the  first  series  of  experiments  each  ingot  weighed 
from  85  to  90  grammes.  The  specimens  to  be  tempered  and  annealed 
were  placed  side  by  side  in  a  sheet-iron  box  placed  in  another  of  cast- 
iron  filled  with  coal  dross,  and  covered  with  a  cast-iron  plate.  When 
the  metals  were  observably  red,  those  which  were  to  be  tampered  were 
plnnged  into  cool  water,  and  the  interior  case  again  closed,  recovered 
with  coal  dro^s,  and  the  whole  left  to  cool  slowly,  the  fire  being  covered 
with  ashes. 

This  was  done  in  the  evening,  and  the  specimens  were  not  taken  out 
again  till  the  next  day,  and  then  they  were  so  warm  that  they  could 
hardly  be  held  in  the  hand. 

Tables. 


. 

Bronae  at  20.80  per  cent,  of  tin. 

Density. 

L 

n. 

UI. 

IV. 

V. 

VL 

VIL 

VIIL 

TX. 

X. 

After  OMting 

After  tempering . . 
After  annealing  . . 
After  temiMrIng . . 

a  787 
a  828 

a  817 

a  849 

a858 

a  915 

a907 
a927 

a825 
a  863 
a  847 
a  874 

a862 
a896 
a886 
a907 

a  863 

aoo6 
a8»4 

a922 

a  780 

a  715 

a822 

a  842 

a  747 

a808 

a789 

a844 

a863 

a87i 

Table  6. 

Bronze  at  18  per  cent,  of  tin. 


After  castinff 

After  Mineiulng ! 

After  tempering 

After  annealing 

After  tempering 

After  tempering 


•  Dontity. 


L 
P=71i'.490. 


a  737 
a  733 
a  768 
a  763 
a  776 
a  786 


IL 

P=86r.775. 


a873 
a863 

a  911 

a888 
a926 
8.937 


A  bar  of  two  kilogrammes  was  melted  in  order  to  obtain  some  very 
homogeneous  matter,  because  in  the  preceding  experiment,  where  the 
operations  had  been  carried  .on  with  only  a  little  metal,  the  cooling  had 
been  made  too  rapid  by  the  addition  of  tin,  and  it  was  made  very  hot 
before  the  tin  was  put  in.  The  bar  was  out  into  strips,  and  we  experi- 
mented upon  four  of  them. 

Table  7, 

Bronze  at  20  per  oent.  of  tin. 


After  tempering 

After  annealing , 

After  tempering 

After  annealing 

After  tempering 

After  annealing 

After  a  second  annealing 
After  tempering 


Density. 


T. 

n. 

P— 132r.735. 

P=12Sr.885. 

a  704 

a  719 

a  712 

a728 

a  730 

a  747 

a  724 

a  744 

a  760 

a763 

a  741 

a  760 

a  751 

a  769 

a  775 

aTBS 
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Table  7^Continaed. 


After  annealing 

After  teroi>erlng 

After  anneiding 

After  tempering % 

After  annealing 

After  tempering 

After  a  second  tempering . 
After  annealing 


m. 

IV. 

P=136r.572. 

P=136r.404. 

a  752 

a686 

a  780 

a  718 

a  777 

a  714 

a  804     ' 

a  736 

a  815 

a  750 

a  841 

a  774 

ap5o 

a  787 

a  807 

a  760 

It  is  evident  from  these  three  series  of  experiments  that  tempering 
arguments  considerably  the  density  of  bronze  rich  in  tin,  and  that  anneal- 
ing evidently  diminishes  the  density  of  tempered  bronze.  tStill  the  effect 
of  slow  cooling  by  no  means  destroys  the  effect  of  tempering,  for  the 
density  continues  to  increase  till  it  becomes  remarkable. 

2.  Alternate  action  of  heat  of  shock  and  of  compression. 

The  four  preceding  specimens  were  submitted  to  the  action  of  the  screw- 
press,  but  as  this  bronze  is  brittle,  it  was  merely  compressed  strongly 
by  the  exertions  of  six  men,  instead  of  giving  it  a  sudden  blow.  The  two 
tempered  pieces  resisted.  The  two  annealed  pieces  were  broken,  giving, 
the  one  a  fragment  weighing  80^^.335,  and  the  other  a  fragment  weigh- 
ing C4k'.644,  with  which  we  worked.  Two  samples  were  successively 
annealed;  two  others  successively  tempered.  The  results  are  given  in 
the  following  table : 

Table  & 


Density. 

Density. 

L 
P— 128r.23a 

n. 

P=64*'.M4. 

in. 

P— 121i'.637. 

IV. 
P=80i'.335. 

After  compression  — 
After  tempering  ..... 

After  compression 

After  tempering 

After  compression 

After  tempering 

A  Aer  compression  — 

After  tempering 

After  compression  — 

After  tempering 

After  shock 

a  796 
a804 
a  803 
a809 

a  818 
a  819 

a  827 
a828 
a837 

a  841 

a  850 
a  857 
a  870 

a  871 

a  877 
a880 
a888 
a  887 
a808 
a  906 

a  102 

a  775 
a  604 
a  789 
a826 
a  840 

a8i5 

a  865 
a866 
a  889 
a  897 
a  9-22 
a  925 
a  939 
a  937 
a  948 
a  944 
a  955 

a  931 

a  052 
a  952 

a  177 

After  compression .. 

After  annealing 

After  compression . . 
After  annealing  .... 
After  compression . . 

After  annealing 

After  compression . . 

After  annealing 

Aftef  compression . . 

After  annealing 

Aftershock    

After  annealing 

After  shock      

After  annealing 

Aftershock 

After  annealing 

Aftershock 

After  annealing 

Aftershock 

Gain  in  density 

a  782 
a  767 

*a760 
a  763 

ja766 
a  772 
a  776 
a  788 
a  795 
a  799 
a  803 
8. 8'23 

aa32 

«.846 
a  836 
a850 

*a840 
a  882 

§«.854 
0.0Z2 

a  702 

asoa 

ta796 

a  814 
a  812 

a824 

aaiT 

a844 

aa35 

a  849 
8.842 

After  tempering 

After  shock 

a  866 

*8.  851 

After  tempering 

After  shock 

a  856 
8.  F4L 

After  tempering 

After  shock 

a  829 
*a  824 

After  tempering 

Aftershock 

a845 
8  836 

After  tempering 

The  density  increased 
from 

0.044 

♦  CrackB. 


t  Cracks.    The  flns  are  filed  off. 


X  Crack  on  the  edge^  ^  Breaks. 


The  prominent  fact  which  is  shown  by  these  numbers  is  that  the  den- 
sity Is  increased  by  mechanical  action,  tempering,,  and  annealing^  in  a 
remarkable  degree. 

The  increase  is  greatest  in  the  tempered  specim.ens. 

It  should  be  remembered  that  but  limited  confidence  can  be  placed  iu 
the  figures  obtained  for  the  annealed  metal,  because  it  cracks  and  splita 
on  the  edges,  while  it  does  not  alter  at  all  when  it  has.  been  tempered. 

34  T  H 


630 


TE8T8  OF   METALS. 


As  it  is  stated  in  books  that  temi)ering  has  the  effect  of  dimiaishing 
the  density  of  this  bronze,*  I  examined  this  point  very  carefully,  and 
made  many  other  experiments,  varying  the  composition  (from  18  to  22 
per  cent,  of  tin),  the  form,  and  the  weight  of  the  specimens.  All  are 
concordant,  as  is  shown  by  the  following  table : 


Table  9. 


Density. 

I. 

n. 

IT1 

IV. 

Sronze  melted ............................................ 

a  872 
a9U7 

a  915 

a  928 
a  988 
a  947 

S.9S2  '        6.S3S 

8.5S7 

lirouze  temoi^red .......... 

a  723 
a843 

a83« 

a805 

8.543 

fii'Dnze  liammered 

a  771 

Jironze  t4irapered 

Bronzo  liaininf*rMl 

as42 

a  909 

a  910 

a  932 

a904 

afi3S 
ao30 

R.77i 
&871 

lironze  temntired 

8.t!77 

lirotizc  hammcn-d  ..... 

8.91$ 

Dronze  temncred    ........................................... 

&a37 

BroDzo  liAmmered 

8937 

Bronze  temncred .........>... 

a945 

Bnmzfl  hammered  .............. .............  .........^.. -- 

a944 

TncnuiAe  of  dcnnitv 

0.075 

0.250 

a  108 

0.417 

The  thickness  was  reduced  in  these  experiments  from  seventeen  to 
seven  millimeters. 

When  this  bronze  is  cooled  slowly  the  experiments  are  less  convincing, 
because  the  metal  breaks,  or  at  least  cracks  easily,  under  shock.  How- 
ever, as  my  first  object  in  undertaking  this  work  was  to  clear  up  these 
obscure  phenomena  of  tempering,  and  as  I  count  for  thus  clearing  them 
up  upon  the  variations  of  density,  I  made  numerous  experimeuts,  in 
some  compressing  the  material  slightly,  and  in  others  preserving  it  from 
sudden  shock  by  an  intervening  body. 

I  give  here  some  of  the  results : 

Table  10. 


After  casting 

After  slow  cooling 
After  compression 
After  slow  cooling 
After  oompreaaion 


DeoBity. 


a  600 
a653 
a738 

a  700 

a833 


aos 

a6S3 
a  750 
a783 

a  831 


Thus  there  is  always  an  increase  in  density  whether  the  bronzes  rich 
in  tin  be  tempered  or  slowly  cooled  after  compression. 

These  experiments  confirm  most  clearly  the  fact  affirmed  by  D'Arcet, 
that  tempering  softens  the  bronzes  rich  in  tin,  for  we  can  flatten  in  the 
press  the  tempered  bronzes,  while  it  is  only  exceptionally,  or  by  taking 

*  Du88au86oy,  Annates  de  Chimie  el  de  Physique,  t.  y.  p.  228,  we  read : 

AUoy  of  copiMr  80  and  of  tin  20. 


Density. 


Non-tempered. 


a  670 


Tempered. 


a  520 


Tempered  and 
aoitened. 


a6U 


Heated  and 
cooled  doirly. 


a«o 


AwMte.dtf  Ohimis  et  de  Phjfsiqus^.t,  xxz  (NoTembre»  1878),  24. 
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special  precaations,  tbat  we  are  able  to  sabject  them  to  the  same  me- 
chanical action  withoat  breaking  them  when  they  have  been  heated 
and  cooled  slowly. 

This  fact^  being  the  inverse  of  that  which  is  observed  with  steel,  led 
me  to  examine  the  nature  of  the  variations  which  the  density  of  steel 
undergoes  when  placed  under  the  conditions  described. 

3.  Action  of  temperiny  and  annealing  on  steel. 

Eeaumur  and  Bimmann  admitted  that  the  volume  of  tempered  steel 
is  greater  by  -^  than  that  of  steel  which  has  not  been  tempered.  Kar- 
sten,  without  absolutely  contesting  this  opinion,  does  not  consider  it 
clearly  demonstrated  that  steel  diminishes  in  density  by  tempering. 
Colonel  Carou,  in  his  celebrated  works  on  steel,  has  shown  that  tem- 
pering increases  the  volume  of  steel.  Thus,  after  thirty  successive 
temperiugs,  the  density  which  was  7.817  became  7.743,*  and  he  con- 
cluded from  his  researches  that  the  effect  of  tempering  might  be  likened 
to  the  effect  produced  by  the  blow  of  a  hammer  on  red-hot  metal. 

The  steel  experimented  upon  was  of  a  very  good  quality  used  at  the 
mint  in  Paris.    The  samples  weighed  from  130  to  150  grammes. 


Table  11. 

Density. 

I. 

n. 

lil. 

Barn  forff ed 

7.830 
7.736 
7.831 

7.846 
7.74© 
7.833 

7.889 

Bars  fortred.  after  temiMrinff 

7.738 

Bare  forcecl.  after  annealiiiir 

7.828 

IV. 

V. 

TL 

Bars  f orf^ed 

7.841 
7.843 
7.758 

7.8S9 
7.845 
7.7«3 

7.841 

Bars  fonrrd.  lifter  anneBlinir 

7.  h4a 

Bare  foriitid.  after  temDerinir 

7.755 

Thus  tempering  produces  on  steel  forged  or  annealed  an  inverse  effect 
to  that  which  it  produces  on  bronzes  rich  in  tin ;  it  diminishes  its  den- 
sity instead  of  increasing  it,  from  which  it  may  be  seen  that  tempering 
diminishes  the  density  of  annealed  steel  and  makes  it  hard«  while  tem- 
pering increases  the  density  of  annealed  bronze  and  makes  it  soft. 
4.  Action  of  the  press  or  of  the  roll^  and  of  annealing,  on  steel 
Two  steel  plates  which  had  been  used  in  the  preceding  experiments 
were  employed. 

Table  12. 


Forged 
Forged 
Forged 
Forjzed 
Forged 
Forged 
Forged 
Forged 
Forgoil 
Forged 


steel 
steel, 
steel, 
steel, 
steel 
steel, 
steel, 
steel, 
steel, 
steel, 


after  one  annealbiff 

after  one  action  or  press 
after  second  auneaUng. . 

two  impacts 

three  annealings 

three  impacts 

foor  ann«Jings 

four  impacts 

flye  annealings 


Densil^. 


P=85r.880. 

P=83i'.4«5. 

7.845 

7.847 

7.840 

7.849 

7.888 

7.848 

7.844 

7.843 

7.838 

7.689 

7.844 

7.845 

7.8»7 

7.841    ' 

7.849 

7.854 

7.849 

7.849 

7.8U 

7.845 

*  dnnptes  Mendut  de$  S4anoe9  de  VAcad^mie  det  Sciences,  January  5, 1873. 
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As  the  variatioDS  in  density  recapitulated  in  the  preceding  table  are 
very  slight,  I  tried  to  render  them  greater  by  passing  small  bars  of 
well-annealed  steel  nnder  a  steel  roll.  The  following  table  shows  that 
if  the  results  are  in  the  same  direction  they  are  no  more  proooanced^  and 
the  experiment  is  very  soon  terminated  by  the  breaking  of  the  metal. 


Table  13. 


steel  anoeftlcd 
Ste4>l  rolled  ... 
Kteel  ftDoeAled 
Steel  rolled  . . . 
Stet'l  annealed 
Steel  rolled... 


DcnMity. 


P=77f.242. 

P= 

=70^.^6. 

7.833 
7.827 

7.829 
7.822 
7.820 
7.816 

7.833 
7.824 
7.830 
7.820 
7.8-T 
7.&2 

The  differences  that  bronze  and  steel  present  when  alteroat^Iy  an- 
nealed and  tempered  are  again  encountered  here,  bat  in  a  less  deorree. 
While  the  mechanical  action  increases  the  density  of  the  annealed 
bronze,  it  very  slightly  bat  still  sensibly  diminishes  the  density  of  an- 
nealed steel,  and,  on  the  whole,  tempering  and  shock  increase  the  den- 
sity of  annealed  bronze,  while  they  diminish  the  density  of  annealed 
steel. 

But  the  variations  are  very  decided  for  bronze  and  very  slight  for 
steel. 

5.  Bronzes  rich  in  tin. 

Examining  Table  12  we  see  that  the  density  is  by  annealing  brought 
back  to  what  it  was  before  the  action  of  the  press ;  after  five  anneal- 
ings and  four  powerful  blows  of  the  press,  there  was  no  sensible  varia- 
tion, and  consequently  we  see  how  a  block  of  annealed  steel  submitted 
to  compression  in  making  coin,  sustains  twenty,  thirty,  and  even  many 
more  annealings  and  shocks,  without  any  apparent  difference  in  its 
work.  Annealing  restores  the  metal  to  the  condition  in  which  it  was 
before  the  mechanical  treatment. 

Immediately  following  the  researches  published  by  D'Arcet  in  181 4* 
on  the  softening  of  the  bronzes  by  temi>ering,  experiments  were  made 
in  difierent  places,  and  particularly  at  VjScole  des  Arts  et  Metiers  at  Cha- 
lons, on  the  tamtams  and  cymbals,  instruments  that  we  did  not  then 
manufacture  and  do  not  now  in  European  countries,  but  which  we 
obtain  from  China  or  from  Turkey  in  Asia,  and  M.  Maillard,  head  of 
the  foundry  of  the  ^^ficole"  at  Chalons,  succeeded  in  making  some  of  a 
tempered  alloy  containing — 

Copper 80.5  >  ,^wv 

Tin 19.5r 

It  was  thought  that  this  process  was  the  same  as  that  employed  by 
the  Orientals,  and  this  opinion  is  today  generally  accepted  among 
chemists. 

Afterwards,  St.  Julien  advanced  the  opinion  that  the  Chinese  worked 
the  bronze  red  hot,t  but  D'Arcet  held  that  St.  Julien  had  been  led  into 
error,}  because  bronze  greatly  increases  in  density  when  heated,  while 
the  density  of  the  Chinese  instruments  is  very  much  less  than  that  of 
heated  bronze,  and  further,  this  bronze  can  be  pulverized  at  red  heat. 

•  D'Arcet,  BulUiin  de  la  SocieU  d'Encouragemtut,  p.  SW9,  1814. 
tSt.  Julien,  Annal4X  de  Chim.  el  dePhyg,,  t.  liv^  p.  329,  1833. 
t  D'Aicet,  Annates  de  Chim,  et  de  Phys.,  t.  hv,  p.  331,  1833. 
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Id  view  of  this  contradictory  testimony,  I  consulted  the  best  instra- 
ment-makers  of  Paris,  MM.  Oautrot  and  Lecomte,  who  assured  me  that 
working  this  bronze  cold  is  impracticable  industrially,  even  after  tem- 
pering, and  I  knew,  on  the  other  hand,  that  M.  Maillard  had  encoantered 
great  difficulties  in  making  these  instruments,  as  great  numbers  of  them 
were  broken  in  the  course  of  the  work,  and  they  are  all  thicker  than  the 
Chinese  instruments. 

I  analyzed  at  that  time  fragments  of  the  real  Chinese  instruments, 
and  I  found 

Tin  in  100  parts. 
22.80 
21.20 
20.80 
19.67 
I  ascertained  the  density  of  two  good-sized  specimens.    It  was — 

For  one 8.909 

For  the  other 8.948 

I  submitted  to  cherry-red  heat  some  bronze  containing  20  per  cent,  of 
tin,  and  I  found,  as  D'Arcet  had  shown,  that  this  metal  is  reduced  to 
powder  by  blows.  I  then  sought  to  ascertain  if  this  metal  would  not, 
like  zinc,  be  malleable  at  the  intermediate  temperatures.  About  100  to 
200  degrees  it  is  brittle  as  when  cold  or  at  a  cherry-red  heat,  but  at  dark- 
red,  and  a  little  under  that  temperature,  it  can  be  forged  as  easily  as 
iron  or  aluminium  bronze.  At  these  temperatures  it  flattens  without 
breaking  under  the  heaviest  blows  of  the  hammer;  it  is  so  easily  flat- 
tened that  it  can,  in  some  cases,  be  reduced  from  a  thickness  of  14  mil- 
limeters to  that  of  1  to  2  millimeters,  and  if  the  temperature  be  raised 
a  little  it  becomes  so  soft  that  it  can  be  wound  upon  itself  by  subjecting 
it  repeatedly  to  slight  shocks.  In  a  word,  the  work  is  thus  done  with 
greater  accuracy  and  rapidity,  and  becomes,  industrially  speaking,  prac- 
ticable. 

It  remains  to  be  considered  whether  the  density  approaches  to  that 
which  is  obtained  by  cold  hammering  and  to  that  of  the  Chinese  metal. 

With  this  object  the  two  tempered  specimens  which  formed  the  subject 
of  Table  8  were  heated  red-hot,  and  the  following  results  obtained: 

Table  14. 


Metal  tempered 

Metal  haminoTod  at  red  heat,  diminishing  its  weight  one  quarter 

Metal  tempered  anew 

Metal  hammered  again  more  gently  on  aoconnt  of  its  brittleness. 

Metal  tempered  ngain 

Metal  hammered  gently 


Density. 


aoo6 

8.953 
8.9a8 
a939 
8.038 
8. 9-JO 


8.953 
&942 
8. 924 
8. 924 
H.9i4 
8.024 


The  metal  having  been  cold-beaten  for  a  long  time,  I  repeated  these 
operations  at  a  higher  temperature  with  new  metal. 

Table  15. 

I>ensity. 

Cast  metal 8.:f64 

Cast  metal  after  first  bammerio^  at  dark-red  heat 8. 893 

Cost  metal  after  secood  hammering  at  dark-red  heat 8. 941 

Metal  after  third  hammering  at  dark-red  heat 8.948 

Metal  after  fourth  hammering  at  dark-red  heat 8. 943 

Hetal  after  fifth  hammering  at  dark-red  heat 8.927 
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The  thickneBS  was  redaced  from  six  millimeters  to  one. 

The  same  experimeuts  at  high  temperature  were  repeated  on  tbe 
metals  coutaining  from  18.5  to  21.5  of  tin,  when  they  had  been  cast  at  a 
very  high  temperature. 

Table  16. 

Density. 

Bronze  at  18.5  per  cent,  tin,  after  casting  at  a  high  temperatnre. ...... .  8. k^J 

The  same  after  prolonged  hammering  at  dark-red  heat 8.  Hiv^ 

Bronze  at  !20  per  cent,  tin,  after  casting  at  a  high  temperatnre .  .......... d.91:f 

The  same  after  prolonged  hammering  at  dark-red  heat 8.  ^-SJ 

Bronze  at  *21.5  per  cent,  tin,  after  casring  at  a  very  high  temperatoTB S.  *X^ 

The  same  after  prolonged  hammering  at  dark-red  heal tiA*Z* 

j  8.  H19 

Bronze  at  20  per  cent,  tin,  rolled  at  red  heat J  ^'"S- 

[  8.  ^7;J 

The  thickness  was  redaced  from  6  millimeters  to  1. 

Two  facts  follow  from  these  experiments: 

1st.  Working  hot  does  not  increase  the  density  more  than  inrorking  at 
low  temperatnre. 

2d.  The  metal  attains  this  density  very  rapidly  by  the  working  hof. 
and  without  danger  of  rupture;  while  cold  the  action  is  extremely  slight 
and  very  difficult. 

If  1  add  that  tkie  Chinese  tamtams  bear  traces  of  numeroas  hammer 
ings,  which  indicate  that  the  metal  was  worked  when  it  was  softened  by 
heat,  it  will,  1  think,  l>e  admitted,  as  1  stated  when  1  published  the.4 
results,*  that  the  working  cold  is  not  carried  on  in  China  as  D'Arcet 
supposed,  and  that  the  method  of  fabrication  attempted  B>t  r£cole  de^ 
Arts  et  Metiers  at  Chalons  is  not  the  method  practii  ed  in  the  East,  bnt 
that  the^metal  is  worked  Uhere  hot^  as  St.  Julien  declared. 

Had  there  remained  any  uncertainty  it  would  have  been  removed 
when,  some  days  after  the  publication  of  these  researches,  MM.  St.  Julieu 
and  Champion  published  on  their  side  a  work  in  which  M.  Champion 
stated  that  he  had  seen  this  work  in  China,  and  that  the  metal  was 
heated. f 

M.  Champion  and  myself  nnite  to  introduce  this  desideratum  into  the 
industrial  art^s  of  European  countries,  and  we  have  succeeded  in  making* 
at  the  works  of  MM.  Cailar  and  Gnin,  two  tamtams,  which  have  the  ex- 
ternal characteristics  and  the  sonorousness  of  the  Chinese  instrumeubi. 
But  we  utilized  the  facility  with  which  1  had  observed  this  bronze  to 
flatten  to  shorten  the  operation  and  to  diminish  hand  labor,  by  iirst 
subjecting  the  cast  alloy,  very  thick  and  red  hot,  to  the  action  of  the 
rolling-mill,  which  machinery,  according  to  M.  Champion,  is  unknown 
to  the  Chinese,  and  which,  in  every  case,  he  ascertained  by  observation 
was  not  employed  by  them  in  reducing  bronze  for  the  manufacture  or 
sonorous  instruments. 

§  V.  BBONZES  LESS  BICH  IN  TIN  APPBOACHING  CAITN^ON 

BBONZE  IN  THEIB  COMPOSITION, 

Cu  =  94  to  88. 
Sn  =    6  to  12. 


100 

The  bronzes  were  submitted  to  the  same  operations  as  the  preceding. 
1.  Tempered  and  annealed  alternately. 


*  Comptes  Bendus  des  Stances  de  VAcaddmie  des  SdenceSf  t.  Ixix,  p.  343. 
ilndueiriee  anciennes  et  modernea  de  V Empire  ChinoiSf  Laoroix,  18^. 


After 
After 
Aftor 
After 
After 
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Tablb  17. 
Alloy  of  88  Cu  >i^ 

Density,  P=:47r. 806. 

tempering 8.625 

aoDealiug 8.632 

tempering 8.624 

Annealing 8.6j^^> 

tempering 8.  €i32 


Table  18. 


Gon-bionse,  at  00  Ca  >  ^^ 
10  Sn  j  ^"" 


After  casting  . . . 
After  tempering 
After  annealing . 
Alter  tempering 
After  aonealing. 
After  tempering 
After  annealing. 
After  tempering 


After 
After 
Alter 
After 
Afler 
After 
After 


casting  . . . 

annealing. 

t«mpenng . 

annealing. 

tempering. 

annealing. 

tempering. 


Density. 


I. 
P=<»r.686. 


P=70f.002. 


8.564 
8.516 
8.528 
&532 
&636 
8.529 
&526 
&526 


8.677 
8.636 
a648 
8.645 
8.648 
8.648 
8.643 
8.626 


III. 
P=112«'.468. 


8.684 
8.657 
8.670 
a  671 
8.674 
8.673 
8.676 
8.664 


IV. 
P=104C.783. 


8.401 
8  428 
a  431 
a  437 
a  434 
a  436 
a4:J6 
a  436 


Density. 


P=£60CM08.    '  P=112i'.6a0. 


a  705 
a689 
a  684 
a  692 
a  698 

a  651 
a  661 


Table  19. 

Bronze  at  94  Ca  >  <qq 
6  Sn  5 

Density,  Psl4lP.  830. 

After  casting 8.537 

After  tempering 8.491 

After  annealing 8.501 

After  tempering 8.502 

After  annealing 8.507 

After  tempering 8.505 


After  castinic... 
After  anDealiDg . 
After  tempering 
After  annealing. 
After  tempering 
A  fu.'r  annealing. 


Dsnsity. 


n. 

P-162«'.616. 


a  510 
a  492 

a  401 

a  496 
a  405 
a  496 


in. 

P=76".5». 


8.807 
a  806 
a  802 
a804 

asoo 
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These  nambera  show  that  the  bronzes  contaiDiDg  but  little  tin,  suscep 
tible  of  being  cold-hammered,  or  even  flattened  like  gnn-bronze,  do  not 
increase  in  density  when  tempered  or  annealed  like  the  preceding. 

2.  Annealed  or  tempered  and  rolled  alternately. 


Table  20. 


Bronae  M  On  )  .aa 
e  SnJ**' 


P-12»r.l30L 


IL 
P^CSr.SMi 


After  OMtlng 

After  Tollifif^ 

After  tempering 

After  roliiDK 

After  tempering 

After  rolling 

After  tempering 

AftierroUmg 

After  temjpering 

After  rolling 

After  tempering 

After  rolling 

After  tempering 

After  rolling        

The  deoAity  inoreaeea  ftom 


&541 
8  072 
&643 
&722 
&094 
a772 
a  770 
a827 
a  824 
a897 
8  907 

a9is 
a  919 

a933 
0.a82 


•^58 


a  761 

a838 

a8» 

8  871 

aS72 

a  92 1 
av26 
a9i9 
a<o0 

a839 

a?^ 


a  181 


After  CRgtiog 

After  roiling 

After  aDoeaTiDg 

Afterroiliug    

After  wDDealiog 

^fter  rolling. 

After  aDDeal  log 

After  roll  in  «:     

After  iinn«*aiing 

After  rolling 

After  annealing 

AfterroUing 

After  annealing 

After  rolling 

The  density  increases  from 


Density. 


m. 

P~127ir.g8a 


&541 

aooQ 

a  6-27 

a  722 
a  729 
a  801 
a  801 
a  851 

a  852 
a  904 

a  919 

a  922 

a  931 

a  036 
0.394 


IV. 

P=81i'.lM- 


a  778 
a772 

as« 

8  839 
8  874 
8875 
a  913 

a9:23 
a9?8 
a9^ 

a9si 

a934 


aifti 




The  metal  was  reduced  from  a  thickness  of  ten  millimeters  to  that  of 
one. 

Comparing  these  results  with  those  given  by  the  bronzes  rich  in  tii^^ 
we  find  that  tempering  and  annealing  give  about  the  same  inerea^  in 
density,  while  the  increase  was  much  greater  for  the  tempered  metal  in 
the  alloys  rich  in  tin. 

These  alloys  seemed  to  be  as  easily  worked  after  annealing  as  after 
tempering. 

An  attempt  was  made  to  verify  this  last  point  by  operating  andcr 
practical  conditions;  that  is  to  say,  by  reheating  the  metal  in  the  air, 
working  on  bronze  of  10  and  bronze  of  6  per  cent,  tin,  which  was  in  the 
form  of  strips  four  millimeters  wide.  The  mechanical  action  and  heat 
were  the  same;  the  only  difference  was  in  the  cooling;  while  one  sped- 
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men  was  tempered  when  red  hot,  the  other  was  left  out  in  the  air.   The 
resolts  are  given  in  the  following  table: 

Table  21. 

1.  Bronze  at  10  per  cent  tin. 

Bniaitj. 

After  6  impacts  of  the  preas 8.887 

After  annealing -. 8.833 

After  9  impaotsof  the  preas 8.905 

After  annealing 8.902 

After  96  impacts  (and  32  annealings) 8.930 

After  annealing 8.935 

n. 

'.968. 


After  6  impacts  of  the  press ^ 8.896 

After  tempering 8.894 

After  9  impacts  of  the  press 8.904 

After  tempering 8.897 

After  96  impacts  (32  temperings) 8.904 

After  tempering 8.905 

2.  Bronze  of  ^  per  cent  tin. 

Density. 

m. 

F=Mr.002. 

After  6  impacts  of  the  press 8.924 

After  annealing 8.923 

After  9  impacts  of  press 8.936 

After  annealing 8.928 

After  57  impacts  (19  annealings) 8.931 

After  annealing v 8.932 

DenKitj. 

IV. 

P=66s'.242. 

After  6  impacts  of  press 8.928 

After  temiiering 8.924 

After  9  impacts  of  press 8.929 

After  tempering 8.923 

After  57  impacts  (19  temperings) 8.934 

After  tempering 8.935 

The  tempering  and  the  annealing  take  place  in  a  similar  manner, 
almost  identically  the  same  for  bronze  at  6  per  cent.  tin.  Thus  the  den- 
sity after  72  blows  of  the  press,  alternated  with  24  annealings,  increases 
from  8.924  to  8.932,  and  by  tempering,  from  8.928  to  8.935. 

The  workman  observed  no  differences  in  the  hardness  of  the  metal 
annealed  or  tempered,  and  the  ease  of  working  secared  was  the  same. 

Two  sheets  of  these  bronzes  were  prepared,  of  a  thickness  of  15  millim- 
eters, and  these  were  subjected  to  the  ordinary  operations  of  coining 
after  they  had  been  cut  in  two,  care  being  taken  to  have  one  of  these 
parts  annealed  and  the  other  tempered.  When  they  had  been  reduced 
to  strips  5  centimes  in  width,  that  is  to  say,  1  millimeter,  the  strips  were 
cut  and  weighed. 

Table  22. 

1.  Bronze  at  10  per  cent  tin. 

Weight  of  15  strips  after  3  temperings 76.90 

Weight  of  6  strips  after  3  temperings 32.36 

Weight  of  10  stnps  after  3  temperings 53.50 

Weight  of  15  strips  after  3  annealings 77.27 

Weight  of  6  stri^)s  after  3  annealings 32.07 

Weight  of  10  strips  after  3  annealings 54.70 
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2.  Bronze  at  6  per  cent,  tin* 

Weight  of  15  strips  after'.)  t^mperings 73.82 

Weight  ot"6  strips  att«r  3  temperings 3114 

Weight  of  10  strips  aft«r  3  temperings 48,95 

Weight  of  15  strips  after  3  aunealings 73.9?? 

Weight  of  Cstri^Mj  after  3  annealings 31.49 

Weight  of  10  strips  after  3  annealings 51.00 

No  difference  was  observed  in  working  the  alloys  whether  annealed  or 
tempered,  and  the  weight  of  the  annealed  strips  did  not  differ  materially 
from  that  of  the  tempered  ones. 

The  director  of  the  mint  at  Paris,  M.  Bijon,  to  whom  I  also  owe  maDj 
thanks  for  all  the  facilities  he  procured  for  me  in  the  prosecution  of  these 
researches,  assnred  me  that  no  differences  had  been  observed  in  the 
working  until  at  one  time,  work  not  being  very  urgent,  the  plates  were 
left  to  cool  ill  the  air  instead  of  being  tempered  in  water.  It  is  prefer- 
able to  cool  the  bronze  rapidly  in  order  to  diminish  its  oxidization,  and 
especially  to  detach  the  scales  of  oxide  which  form  during  the  reheating, 
and  which  have  the  double  inconvenience  of  soiling  the  rolls  and  of 
injuring  the  plates. 

3.  Liquation  in  gun-bronzes. 

Liquation  is  not  so  considerable  as  is  generally  supposed.  The  follow- 
ing table  recapitulates  some  of  the  numerous  analyses  which  were  made 
of  cannon  during  the  siege  of  Paris,  with  my  colleague,  M.  Desmarais^  at 
M.  Thi^bault's,  and  at  Cailar  &  Guin's: 

In  table  24  will  be  found  the  analysis  made  by  M.  Drouin  and  myself 
on  the  different  parts  of  the  cannon  cast  at  the  £col€  des  Arts  et  MetUn 
of  Angers,  for  which  I  am  indebted  to  the  courtesy  of  M.  Soux,  chief  of 
the  millwright  shop  of  this  establishment 


Table  23. 

iNTBUIOB. 


Samples  taken. 

Sn. 

Zn. 

Pb. 

Cu.* 

A  t  th<*  l>r*Hy*rh 

No.l, 

8.72 
7.18 
7.08 

9.F5 
0.44 
8.84 

0.44 
9.74 
8.08 

1.80 
2.00 
L60 

2.40 
2.20 
2.40 

0.93 
1.11 
0.03 

0.03 
0.74 
0.83 

1.86 
1.80 
L86 

0.90 
0.60 
0.85 

8&58 

At  tOT)  of  trininion  -. 

B0.»8 

Toward  the  muzzle  . . 

9a49 

At.  thn  hrAn/*h    . 

No.  2. 

8S.fl9 

At  th*!>  frnnnion  -..,t ,.,,-«. ,^ tt t-t- 

811  :io 

Tcward  tho  muzzle  . , -  -     

•      86.» 

At  tho  breach 

No.  3. 

88.43 

A t  the  trunnfon  

88.53 

Toward  t.hn  TniizzlA  .. 

8a  24 

1 

Exterior 

At  tho  brpech ...,,,- 

No.  1. 

&74 
8.72 
7.70 

0.09 
0.8o 
0.66 

0.03 
&72 
S.0^ 

2.00 
2.00 
1.60 

1.80 
2.40 
2.40 

1.21 
1.U 
1.21 

0.83 
0.03 
0.83 

1.86 
1  86 
L86 

0.80 
1.00 
0.80 

^43 

A  t  tOD  of  tninnioii 

8*35 

Toward  ttie  muzzle  .. - 

88.87 

At  the  breech , . . . , . . . 

No.  2. 

86.38 

At  tho  tninDion 

«.» 

Toward  the  muzzle  ..--  - - -  

8&0S 

A  t  the  breeoh ........ 

No.Z. 
1 

8&06 

At  tiie  tTunnion 

09.17 

To woi d  the  muzzle - - -- 

gaoT 

- 

*  Determined  by  difference.— Ann.  de  Ohim.  gt  d$  Phys.j  4  stole,  t.  xxx,  1873,  25. 
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Table  24. 


m. 


Length  of  the  cannon  with  its  sinking  head 8,512 

Length  of  the  sinking  head 1,5C0 

The  inner  shavings  were  taken  from  a  cylinder  of  65  millimeters  diam- 
eter having  the  same  axis  as  the  cannon.  They  were  thoroughly  washed 
in  ether. 

IKTBBIOB. 


Diatance    ttom    the 
breech. 

Sn. 

Pb.* 

Zn. 

Cu.t 

Jf. 

0.40 

&965 

0.165 

1.600 

80.270 

0.60 

0.014 

0.165 

2.000 

68.821 

0.80 

9.014 

0.105 

2.200 

88.621 

1.00 

8.726 

0.165 

L200 

89.909 

L20 

9.046 

0.165 

0. 800 

89.980 

1.40 

8.732 

0.165 

1.200 

89. 9«)n 

1.60 

8.762 

0.165 

0.600 

90.473 

L80 

aooo 

0.165 

0.800 

90. 036 

Month. 

8.762 

0.166 

2.100 

88.973 

Average  of  tin  in  the  Interior,  8.907. 


EXTBBIOB« 


0.40 

0.662 

0.165 

L600 

8&573 

0.60 

9.282 

0.165 

3.600 

88.953 

0.80 

9.454 

0.165 

2.000 

88.381 

1.00 

9.676 

0.165 

1.200 

88.959 

1.20 

9.581 

0.165 

0.800 

89.454 

L40 

9.550 

0.165 

1.400 

88.8b5 

1.60 

9.3L4 

0. 165 

2.000  . 

88.521 

1.80 

9.534 

0.165 

LOOO 

89.301 

Sinking  head  at  0".65  i 

from  the  muzzle,  9.344 

0.165 

0.100 

90.391 

Average  of  tin  at  the  exterior,  9.507. 


*  Average  of  total  lead  found  in  the  different  parts. 


t  Determined  by  difference. 


The  part  of  the  cannon  which  is  in  the  axis  of  the  piece,  and  which  is 
cut  away  by  the  drill,  is  not  homogeneous,  especially  toward  the  breech. 
Crystalline  particles  of  gray  tint  were  found  there,  which  being  sepa- 
rated as  carefully  as  possible  gave  upon  analysis: 


Tin 12.30 

Zinc 3.20 


11.21 
5.40 


13.89 
6.40 


14.49 
14.49 


It  does  not  follow  that  the  central  parts  are  richer  in  tin.  On  the  con- 
trary it  has  been  shown  by  experiment  that  the  exterior  is  richer  in  tin 
than  the  interior.  This  last  fact,  which  clearly  follows  from  the  preced- 
ing tables,  had  been  previously  stated  by  Colonel  Dussanssoy,  contrary 
to  the  opinion  previously  held  at  cannon  founderies. 

The  following  table  does  not  indicate  that  the  sinking  head  may  have 
the  eifect  of  increasing  the  density  of  the  piece  as  has  also  been  sup- 
posed. 

Table  25. 


Distance  tnm  the  breech. 

Quantity 

of  tin, 
percent. 

Density. 

Distance  from  the  breech. 

Quantity 

of  tin, 
percent 

Density. 

0.20 
0.40 
0.60 
0.80 
LOO 

10.498 
9.065 
9.K0 
8.752 
9.039 

8.472 
8.589 
8.539 
8.549 
a460 

1  20 
L40 
LOO 
L80 
2.00 
1 

9.291 
9.048 
8.969 
a  526 
a530 

&618 
8.540 
&500 
a  458 
a  374 
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4.  Manufacture  of  medals. 

AualjsiB  of  antique  medals  shows  that  though  the  aDcients  sometimes 
used  copper  for  this  purpose,  they  ordinaril}'  employed  brouze  in  which 
the  proportion  of  tin  varied  between  large  limits  (from  1  to  25  per  cent). 
The  manufacture  of  medals  with  a  bronze  rich  in  tin  is  not  possible  at 
the  present  day  on. account  of  its  hardness,  and  because  considerable 
relief  is  necessary,  while  it  was  very  slight  in  the  medals  of  antiquity. 
Bronze  has  been  wholly  given  up  in  our  own  country  and  copper  sabsti- 
tuted  for  it,  but  copper  also  presents  some  serious  inconveuiences.  It 
rusts  badly,  has  no  ring,  its  red  tint  is  not  artistic,  and  this  is  concealed 
by  an  artificial  bronzing  which  adheres  poorly,  and  which  causes  differ- 
ent medals  to  vary  in  tone. 

In  1828  M.  de  Puymaurin  made  a  large  number  of  experiments  aod 
continued  them  until  1832,  after  which  an  alloy  of  94  copper,  4  tin,  and 
!2  zinc  was  adopted,  of  which  from  time  to  time  medals  were  manufac- 
tured until  1847,  at  which  time  it  was  entirely  given  up  on  account  of 
the  hardness  of  the  metal  leading  to  a  deterioration  of  the  coin.  The 
hardness  of  bronze  increases  in  fact  very  rapidly  with  the  proportion  of 
tin,  and  the  following  is  the  average  of  many  experiments  with  the  ap- 
paratus described  at^ve : 


Copper 

r>ronz«,  with  97  parts  copper. 
Bronze,  with  fl6  parts  copper. 
Bronxe,  with  95  parts  copper. 
Brouxe,  with  94  parts  copper. 
Bronze,  with  90  parts  copper. 


Impacts  oecenary 
in  order  to  obtain 
a  depression  of— 


19 
23 
27 
88 
40 


7 

8to9 

10 

14 

15 


IMd  not  Bneccied 
with  70  hlows. 


After  these  experiments  various  medals  were  struck  at  the  mint  in 
Paris,  with  different  alloys  in  the  ordinary  working  conditions.  Tbe 
differences,  which  are  unimportant  for  medals  less  than  35  millimeters, 
become  more  noticeable  when  the  dimensions  attain  to  50  millimeters. 
There  were  necessary  in  this  latter  case— 

With  pure  copper 7  comprefiBJons. 

With  bronze  with  97  paits  copper 10  compressions. 

With  bronze  with  96.5  parts  copper 12  compressions. 

With  bronze  with  96  parts  copper 13  to  14  compressions. 

With  bronze  with  95  partH  copper 16  to  17  compressions. 

Alloy  of  95  copper,  4  tin,  1  zinc 14  compreseions. 

Alloy  of  94  copper,  4  tin,  2  zinc 16  to  IS  compressioue. 

From  which  I  conclude  that  bronze  of  96  and  97  parts  copper  may  be 
employed  to  great  advantage  and  with  no  serious  inconvenience  in  the 
manufacture  of  medals.  Its  hardness,  much  less  than  that  of  the  alloy 
of  M.  de  Puymaurin,  does  not  much  exceed  that  of  copper  j  it  possesses 
a  certain  sonority  and  casts  well,  rolls  evenly,  and  its  color  is  more  artis- 
tic than  that  of  copper. 

The  action  of  the  press  and  of  heat  modifies  its  density  but  little. 
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Table  26. 


Density. 


Alter  first  annealing. . . 

After  first  stroke 

After  second  onneaUng 
After  second  stroke — 
After  third  annealing. . 
After  third  stroke  . . . . 
After  fourth  annealhig 

After  fonrth  stroke 

After  fifth  annealing. . . 


Hedal  of  68<». 

Medal  of  68». 

in     bronze, 

in 

allov    of 

with  4  per 

Cn 

M.  gn  4. 

cent  tin. 

Zn2. 

a  926 

a  901 

a944 

a  909 

ao4o 

a  912 

a94i 

a  916 

a9:)9 

a  910 

a  946 

a  916 

a  943 

a  911 

a  947 

a  915 

a940 

a  912 

§  VI.  PURE  COPPEE,  ITS  PERMEABILITY  TO  LIQUIDS. 

Copper  alloyed  with  iron. 

Either  pare  copper  which  had  been  used  in  the  preceding  experiments 
or  very  fine  copper  in  plates,  such  as  is  used  in  the  mint  at  Paris  for 
making  medak,  was  employed. 

1.  Tempered  and  annealed  alternately. 

Table  27.     • 


Density. 

Density. 

I. 
P=101»'.5ei. 

n. 

P=100sr.892. 

Til. 
P=102«'.987. 

IV. 
P=102«'.104. 

Copper  rolled  

Copper  annealed 

Copper  tempered 

Copper  anntmled 

Copper  tempered 

Copper  annealed 

Copper  tempered  ... 

Copper  annealed 

Diminution  of  density 

a  921 

a  888 
a868 
a  852 
a  828 

a  812 

a  788 

a  781 

0.140 

a923 

a  891 
asoo 
p.  8:)3 
a  831 

a809 
a  785 
a  783 
0.140 

i 

Copper  rolled 

Copper  tempered   . . . 

Cop|>er  annealed 

Copper  tempere<l 

Copper  anneoled 

'  Copper  tempered 

Copper  annealed 

Copper  tempered  .... 
Diminution 

a  915 
a008 

aa'U) 
a»34 

a  833 
a8U6 
a  797 
a  773 
0.142 

a  019 
a  911 

a  865 
a  840 
a840 

a  819 

8.810 
a  785 
0.134 

2.  Annealed  or  tempered  and  rolled  alternately. 

Table  26. 

Density. 
I. 

P.=:79>r.839. 

Copper pollecl 8,877 

Copper  annealed .*  8. 767  to  8. 770 

Copper  rolled 8.831 

Copper  annealed 8.751  to  8, 756 

Copper  rolled 8.825 

Copper  annealed 8.758 

Copper  rolled 8,888 

Copper  annealed 8.744  to  8.755 

Density. 
11. 
P=79r.765. 

Copper  rolled 8.874 

Copper  tempered 8.786  to  8.791 

Copper  rolled 8.841 

Copper  tempered -• 8.816 

Copper  rolled 8.850 

Copper  tempered 8. 8.J9 

Copper  roUwl 8.876 

Copper  tempered « 8.849 
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These  experimeuts  show  that  heat  considerably  lessens  the  density  of 
copper,  for  even  after  repeated  rolling  which  reducecl  the  thickness  of 
the  sheet  from  9  millimeters  to  1°»".6,  tbe  density  diminished  greatly. 

3.  Porosity  of  copper  ;   its  permeability  to  liquids. 

It  will  be  noticed  that  in  the  preceding  table,  the  density  after  Jin 
nealiug  and  tempering  was  represented  bj^  several  different  uamb<?rs. 
The  copper  gains  in  weight  b}^  remaining  even  for  a  little  while  in  water, 
wben  it  has  been  heated  either  in  the  midst  of  coal  dross,  or  in  the  empty 
box  surrounded  by  coal  dross. 

Every  one  who  has  worked  or  handled  copper  has  noticed  that  it 
almost  always  contains  httle  cavities,  and  founders  know  that  it  is  very 
difficult  to  obtain  a  really  sound  casting  of  this  metal. 

Marchand  and  Scheerer  attribute  this  to  the  oxygen  contained  in  the 
copper,  which  is  disengaged  at  the  moment  of  solicKlication  by  a  phe- 
nomenon analogous  to  that  which  produces  the  spitting  of  silver. 

Permeability  is  not  due  to  this  cause  alone,  for  rolled  copper  which  is 
not  at  all  porous,  becomes  so  when  reheated  in  the  midst  of  coal,  or  in  a 
box  surrounded  with  coal.  It  depends  on  various  other  causes,  ami 
especially  on  the  fact  that  cast  copper,  even  after  it  has  been  melted  Id 
the  presence  of  carl -on,  contains  a  small  quantity  of  oxide  which  has 
been  produced  b3'  the  action  of  the  heat  at  the  temperature  tor  anneal- 
ing. 

Table  29. 


I 


Iimncreed  for 
Weight  of     20  honre  in 
a  bar  of     benzine     it 
copp«r.       abmirliefruia 
it- 


After  tbe  first  annealing  in  a  box  BntToonded  withooal 

After  a  second  annealing  in  a  box  snrroonded  with  coal 

After  a  third  annealing  in  a  box  snrronnded  with  coal 

This  increarse  of  weight  is  due  to  a  simple  absorption  of  the  liquid  into 
the  metal,  for  it  takes  place  with  very  different  liquids,  and  the  metal, 
by  simply  being  exposed  to  the  air,  returns  to  its  original  weight. 

Table  30. 

Gr. 

Weight  of  a  sample  of  copper 101.141 

Weight  of  this  sample  after  two  days  in  water lOi.168 

Weight  of  this  sample  after  two  days  in  dry  air 101.143 

Weight  of  this  sample  aft«r  two  days  in  benzine 101.  iao 

Weight  of  thii  sample  after  two  days  in  dry  air 101. 1« 

Weight  of  this  sample  after  two  days  in  water K'l-  ^^ 

Weight  of  this  sample  after  two  days  in  drv  air ^^^'^^.^ 

Weight  of  this  sample  after  one  annealing  m  coal ^^^'!^ 

Weight  of  this  sample  of  copper  alter  two  days  in  water 101- *^ 

Weight  of  same  after  two  days  in  dry  air 101.144 

The  copper  attained  this  porosity  in  rolling. 

Tablb  31. 

Copper  meltedy  then  cast  at  a  low  temperature^ 

Gr. 

Weight  in  the  air 78- *g 

Weight  after  one  day  in  water 78.SW 

Weight  after  one  day  in  air 7^^^ 

Weight  after  rolling 7a  4g 

Weight  after  three  days  in  bemeine 78.4<s^ 
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Copper  melted,  then  cast  at  a  very  high  temperature,  does  not  possess 
this  permeability. 

Gr. 

Weight  of  a  sample  of  copper  cast  very  hot 123.740 

Weight  of  this  sample  of  copper  after  three  days  in  water 123. 738 

The  density  of  this  sample  east  at  a  high  temperature  was  8.039,  while 
the  density  of  the  sample  cast  at  a  low  temperature — of  the  preceding 
table — was  only  8.039.  This  explains  the  diiferences  which  may  be 
found  in  the  various  works  upon  the  density  of  melted  copper.  Accord- 
ing to  Marchand  and  Scheerer*  these  densities  may  vary  from  7.720  to 
8.921.  We  have  just  indicated  a  superior  number  to  this  last,  8.939.  The 
lowest  limit  given  above  is  never  obtained  in  ordinary  circumstances. 
Generally  this  density  fluctuates  between  8.0  and  8.81. 

4.  This  porosity  does  not  exist  when  the  copper  is  reheated  in  the 
air,  that  is  to  say,  in  the  ordinary  conditions  under  which  this  metal  is 
worked  in  the  manufacture  of  medals. 

Table  32. 


Copper  rolled 

C/oppor  annealed . . . 
Cop))er  tempered  .. 
Uu])pcr  annealed ... 
Copper  tempered  . . 
Copper  retempered 
Copper  annealed . . . 


Density. 


I. 
■STf.lOa. 


a920 
8.921 
8.924 
8.937 
8.926 
&922 
&930 


IT. 


8.903 
&905 
8.M6 
8.907 
8.809 
a  903 
&9Q3 


Copper  rolled 

Copper  tempered 

Copper  annealed 

Copi>or  tempered 

Cojipcr  annealed 

Copper  annealed  anew 
Copper  tempered 


Denaity. 


m. 

P=88r.637. 


8.021 
8.922 
8.924 
8.923 
8.922 
8.027 
8.926 


IV. 
"79P.049. 


a  019 
8.921 
8.928 
a  921 
a922 
a  922 

a  020 


While  annealing  and  tempering  considerably  lessen  the  density  of 
copper  when  not  exposed  to  the  air  during  the  operations  (Table  27^, 
these  same  processes  do  not  materially  modify  the  condition  of  this 
metal  when  it  is  exposed  to  the  air  while  working  it. 

Idechani-cal  action  and  action  of  heat  alternately,  on  copper  heated  while 
exposed  to  the  air. 

*  Percy,  Meiallurgi€f  t.  y,  p.  67, 
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TABLB33. 


Copper  rolled 

<Jopper  tempered 

Copper  rolted 

Copiier  tempered 

Copper  rolled 

Copper  tempered 

Copper  roled 

Copper  tempered 

Copper  rolh>d 

Copiier  tempered 

IXmiiiution  of  density , 


I. 

n. 

P^80P.93e. 

p— &i^.eM. 

a  916 

R.9U 

&925 

asas 

&920 

a»o 

s.m 

&9t9 

asii 

&909 

a  015 

a  912 

a  912 

aoM 

a  913 

a  SIS 

a  912 

a  913 

a  913 

a  914 

aoo3 

aoo5 

Density. 

IIL 

IV. 

P«=80c.G72. 

P«*81F.038. 

a923 

a023 

a9SS 

a929 

a  913 

a889 

a  910 

a  010 

a908 

a899 

a9Q2 

a896 

a890 

a889 

a9oo 

aoo2 

a894 

aas7 

asM 

a  901 

0.037 

aoss 

Copper  rolled 

Copper  annealed 

Copper  rolled 

Copper  annenled 

Copper  rf>lled   

Copper  annealed 

Copper  rolled ^ 

Copper  annealed 

Copper  rolled 

Copp«»r  annealed 

Diminution  of  density 


Tbese  plates  were  reduced  from  a  thickness  of  9  millimeters  to  that 
of  1  millimeter  under  the  same  conditions.  Comparing  these  results 
with  those  of  Table  ii8,  which  contains  the  results  obtained  when  the 
copper  was  not  exposed  to  the  air  while  heating,  a  complete  contrast 
was  shown.  While  annealing  and  tempering  increased  the  density  in 
the  first  case,  they  diminished  it  in  the  second. 

Another  very  striking  fact  when  the  piece  is  expnosed  to  the  air  is, 
that  the  increase  of  density  resulting  from  the  heat  is  very  nearly  com- 
pensated by  the  tempering,  so  that  the  plate,  after  being  made  consid- 
erably thinner,  is  found  to  have  the  same  density  as  before  the  operation. 
By  annealing,  the  uniformity  becomes  less,  and  the  density  materially 
diminishes.  I  struck  a  XM)pper  medal  at  the  workshop  of  the  mint,  the 
metal  being  exposed  to  the  air  during  the  reheating,  and  the  results 

were  as  follows : 

Tablb  34. 

Copper  medal  in  strong  relU/, 

Density.  P  ^40^.430. 

Strip  rolled a  909 

Strip  after  the  first  pass a  918 

Strip  aft«r  the  firnt  tampering a918 

Strip  after  the  second  pass 8.915 

Strip  after  the  second  tempering 8.916 

Strip  after  the  third  pass 8.908 

Strip  atlter  the  thiitl  tempering a91ii{ 

On  the  whole,  copper  exposed  to  the  air  during  heating,  tempered 
and  then  struck  in  the  press,  shows  the  same  effects  as  steel  annealed 
and  struck.    (Table  8.) 
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The  density  of  both  diminishes  when  they  ore  subjected  to  mechani- 
cal action.  Heat  restores  them  sensibly  to  their  original  volume,  so 
that  we  can  see  how  they  may  be  practically  employed  with  advantage 
in  making  coins  and  medals. 

The  opposite  results  given  by  copper  exposed  to  the  air  during  heating 
and  protected  from  the  air  (Tables  28  and  33)  exhibit  the  contradictory 
effects  of  the  experiments  of  O'Neil  and  of  Marchand  and  Scheerer,*  in 
which  the  former  obtained  a  diminution  of  density  by  compression, 
while  the  others  showed  a  sensible  increase. 

Copper,  in  these  annealings  in  the  air,  oxidizes  strongly.  In  fact,  the 
four  samples  which  were  the  subject  of  Table  32  were  heated  red  hot 
in  the  midst  of  coal  dust  twice  in  the  course  of  four  or  five  hours. 

Their  weights,  which  were— 

«'-  «^-  deteS?med. 

No.  1,  76.100,  became 75.977 .'....        0.123 

No.  2,  69.537,  became  69.488 0.049 

No.  3,  75.a51,  became  75.760 0.091 

No.  4,  68.078,  became  68.025 0.053 

And  this  quantity  of  oxygen  is  a  minimum.  The  metal  after  this  re- 
duction became  again  permeable  to  liquids. 

5.  The  addition  to  copper  of  small  quantities  of  foreign  matter,  iron, 
for  example,  increases  the  porosity,  as  do  small  quantities  of  oxygen. 
The  copper  acquires  tenacity  and  elasticity  by  this  adjunction  of  iron, 
while  retaining  a  certain  malleability. 

The  question  has  often  been  raised  as  to  whether  copper  allies  itself 
to  iron.    I  give  here  the  results  of  my  experiments  on  this  point. 
1st.  We  heated  in  a  temperature  sufficient  to  melt  cast  iron — 

Copper 90 

Cast  iron 10 

The  ingot  obtained  contained,  at  its  highest  part,  iron  uncombined. 
2d.  We  heated  very  hot  and  held  some  time  in  fusion — 

Copper., 90 

Eivets 10 

The  ingot  obtained  furnished  apon  analysis — 

Top 1,600  iron. 

Bottom 365  iron. 

3d.  We  heated  very  hot  and  kept  melted  some  time- 
Copper  96 

Eivets 6 

The  metal  appeared  very  homogeneous.  Its  density,  taken  at  two 
different  points,  gave — 

8.881 
8.876 

The  matter  is  easily  forged,  stretches  and  coils  upon  itself.  It  rolls 
with  such  facility  that  wit^ut  annealing  a  bar  of  it  can  be  reduced  from 
a  thickness  of  9  millimeters  to  that  of  1  millimeter.  Its  tenacity  ex- 
ceeds that  of  copper. 

Examining  with  a  magnifying-glass  the  plates  1  millimeter  in  thick- 
ness mentioned  above,  gray  spots  may  be  seen  at  certain  points,  but 
analysis  of  these  points  shows  no  material  difference  between  them  and 
other  portions.    There  was  found — 

Iron 6.383  6.285  5.236 

This  substance  made  very  hot  in  the  crucible  gives  a  button  in  which 
there  remains  only — 

Iron 0.167  per  cent. 

'Percy,  MeiaUurgi$,  t.  v,  pp.  69  and  7ii, 
35  T  M 
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4th.  These  two  metals  were  alloyed  in  variable  proportions,  mdtedin 
earthen  tabes  15  centimeters  in  length,  and  after  being  kept  three  hoars 
in  fasion,  were  left  to  cool  slowly. 


Iron,  percent. 

Top  of  bar. 

Bottom  of  bar. 

Density. 

1 

12. «» 
9.290 
6l870 
4.619 
4.226 
2.950 

4.545 
3.680 
8.652 
4.520 
4.288 
2.600 

&839to8.7n 

2 

3 

4 

6 

IB& 

6 

The  length  of  the  ingot  was  from  6  to  8  centimeters.  The  metal  con 
taining4.5  per  cent,  of  iron  appearing  homongeneous,  some  experiments 
were  made  upon  it  comparable  to  those  which  were  made  on  copper. 


Table  35. 

Deoaitj. 

Melted  metal &e:i* 

Metal  after  tempering RK"4 

Metal  after  rolling S.^ 

Metal  aft«r  tempering 8.*T^ 

Metal  after  rolling 8.t^ 

Metal  aft<er  tempering.......... 8.5i:>* 

Metal  after  rolling BM 

Metal  after  tempering ti.ts^ 

Beosity. 

U. 
p=,89r.4Sl. 

Metal  after  rolUnff a891 

Metal  after  annealing <. ...4 ^.^- 

Metal  after  roUinff 8.5^ 

Metal  after  anneaoing 8.S94 

Metal  after  roUing 8.SI6 

Metal  after  annealing ti>^ 

Ferrous  copper  acts,  then,  like  copper  exposed  to  the  air  during  re- 
heating, or  like  steel.  The  action  of  heat  alternating  with  the  rolling 
restores  it  evidently  to  the  same  volume. 

The  ferruginous  copper  is  not  permeable  to  liquids.  This  metal  is  notr 
however,  a  homogeneous  alloy,  for  after  being  reheated  at  a  very  high 
temperature  for  three  hours  and  a  half,  the  solidified  ingot  gave  apou 
aual^^sis — 

Top.         BottflO. 
Iron,  percent 6.50  4.00 

However,  as  it  had  shown  a  tenacity  incomparably  greater  than  that 
of  copper,  the  following  experiments  were  made  with  a  view  to  deter- 
mining the  mechanical  properties: 
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Tablb  36. 
EhngaUona  in  miUimetera  correaponding  to  loads  in  hitogranu. 


Name  of  metids. 

e 

a   «   •   • 

Area 
sq.  mm. 

800 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1 

Copper  of  commerce,  melted.. 

PnnnAr  t\f  nnrnmAnrft  mllAd 

94 
95 
111 
98 
92 
92 
97 
97 

81.5 
K9 
88 
90 

0 

0.5 

1.25 

2.5 

0.25 

0.25 

1 
0.5 

ao 

6.0 

0.25 

a25 

8 

0.5 
4.5 

(t) 
0.25 
0.25 

5 

0.5 

5.5 

(*) 
0.5 
6.0 

2 

0.5 

0.5 

0.5 

0.5 

8 

Pur©  coDDor.  melted  ......... 

4 

Pure  Conner,  melted  .......... 

6 
6 

7 

Copper  and  iron,  melted 

Copper  and  iron,  melted 

Copper  and  iron,  melted 

Copper  and  iron,  melted 

Pare  Conner. rolled 

2 
2 

4.5 
4.5 

0.25 
0.25 

0.75 

aso 

1.5 
2.0 

2.5 

ao 

a  5 

as 

8 

0 

10 

Pnre  Conner,  rolled 

11 

Copper  and  iron,  rolled 

Copper  and  iron,  rolled 

4.5 
4.6 

12 

17ame  of  metals. 

1^ 

1,800 

1,900 

2,000 

1 

2,100 

2,200 

2,300 

2,400 

2,600 

2,600 

2,700 

2,800 

1 

Copper  of  commerce,  melted 
Copper  of  commerce,  rolled . 
Pnre  Conner,  melted  ....... 

2 

0.5 

0.5 

1.5 

2.5 

4.5 

6.6 

8 

4 

Pure  Conner,  melted 

5 

Copper  and  Iron,  melted  . . . 
Copper  and  iron,  melted  . . . 
Copper  and  iron,  melted  . . . 
Copper  and  iron,  molted  . . . 
Pnre  conoer.  rolled 

2 
2 

45 
4.5 

6 

4.5 

5.5 

7.0 

a  5 

(§) 

'4."6 
4.5 

10.0 

12.6 

15.0 

7 

0.25  ^5 

1 

8 
0 

6.'25 
0.5 

0.25 
L5 

• 

i'o" 
ao 

....  1  0. 26 
a7512.0 

ao  16.00 

1.0 

'L20 

L75 

2.5 

4.0 

10 

Pure  Conner,  rolled 

11 

Copper  and  iron,  rolled 

Copper  and  iron,  rolled 

4.5 

12 

4.5 

Kame  of  metala. 

• 

i 

t 

1 

2,90.') 

3,000 

8,100 

3,200 

3,300 

3,400 

3,500 

3,600 

t 

g 

4 

i 

1 

Copper  of  oommerce, 

melted. 
Copper  of  commerce, 

rolled. 
Pure  cooper,  melted  . . 

KUog. 

KUog, 

2 

2,300k 

1,300 

1,000 

24. 210* 

8 

11.711    8-0.<M» 

4 

Pure  conoer.  melted  . . 

10.204 

6 

Conner  and  iron .  melted 

9 

6 

Copper  and  iron.melted-  2 
Conner an<t  iron. melte<l  ^-5 

2,400 

26.086 

7 

8 

Copper  and  iron.melted 
Pure  Conner,  rolled  . . . 

4.5 

2,800 
2,800 
2,300 
3,500 
3,600 

28.805 
2a  220 
25.842 
30. 772 
40.000 

8.879 

9 

8.904 

10 

Pure  Conner,  rolled  . . . 

11 
12 

Copper  and  iron.rolled 
Copper  and  irou,rolled 

4.5 
4.6 

0.25 

0.5 

0.5 

1.0 
0.25 

2.5  !  2.5 
0.75  1.5 

4.75 

a5 

'o.'o' 

a  891 

*The  ansay  waa  arrested  because  a  blowhole  was  formed  in  tbe  sample. 

t  The  broken  section  presents  blowholes. 

t  At  1,600  kilograms  one  lug  of  the  piece  was  brol:en. 

9  The  sample  Broke  without  the  two  pieces  being  entirely  separated. 

(Ann.  ds  Ohim.  et  de  Phys.,  4  »irie,  t  xxx,  Nov.,  1873,  26.) 

Odskbvation. — The  melted  copper  (Nos.  1,  8,  4)  contains  blowholes  which  destroy  its  tenacity.  It 
elongates  under  light  loads,  and  breaks,  also,  under  a  small  load.  .The  copper  acquires  a  certain  ten- 
acity by  rolling,  while  the  resistance  of  melted  copper  is  fW>m  10  to  12  Kilograms  per  square  milli- 
mct<er,  that  of  the  same  'copper  attains,  by  rolling,  2d  to  28  kilograms.  The  ductility  is  less,  and  the 
elongation  becomes  no  longer  evident  under  loads  of  1,800  kilograms. 

The  introduction  of  iron  into  the  coppor  iMds  to  great  changes  in  the  roechanioal  properties  of  the 
metal: 

1st.  If  the  metal  has  been  simply  melted,  it  retains  its  ductility  and  elongates  under  light  loads, 
especially  when  the  quMitity  of  iron  exceeds  2  per  cent.  Its  reostance  attains  to  that  of  copper, 
which,  by  rolling,  has  been  reduced  to  half  its  thickness. 

2d.  If  the  metal  has  been  rolled  its  ductility  is  small,  bnt  it  presents  a  considerable  resistance  of  89 
to  40  kilograms  per  square  millimeter. 
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These  experiments  were  made  on  bars  of  2  kilograms  weight  prepared 
and  cast  with  care,  then  cut  and  worked  so  as  to  give  them  the  follow- 
ing form : 

In  order  to  determine  the  resistance,  this  piece  was 
firmly  fastened  to  the  building  by  an  iron  fork  fitted  to 
A.  Another  fork  placed  in  B  was  fixed  to  a  bar  form- 
ing a  lever,  at  the  other  end  of  which  was  placed  a  table 
on  which  were  the  weights.  The  experiments  were 
made  at  the  works  of  Graffenstaden  under  the  direc- 
tion of  M.  Brauer. 

This  great  strength  of  copper  containing  iron  should 
not  be  attributed  to  the  density  of  the  material,  for  the 
alloyed  copper  which  presented  the  greatest  resistance 
had  a  density  of  8.891 ;  that  is  to  say,  less  than  that  of 
pure  rolled  copper,  which  was  8.904. 

With  the  exception  of  the  metal  bearing  the  numbers 
1  and  2,  all  these  samples  were  melte<l  with  the  same 
copper,  rolled  to  the  same  point  by  the  same  workman, 
and,  in  short,  treated  in  precisely  the  same  way. 

The  hardness  of  copper  melted,  rolled,  and  alloyed 
with  iron  presents  difterences  of  the  same  sort.  We 
give  here  the  results  which  were  obtained  with  the 
Magna  apparatus. 

Depth  of  the  impressions  produced  by  the  same 
blow: 


J 


^    V. 


o^ 


Mm. 

Copper  melted 2.50 

Copper  rolled 1.50 

Copper  alloyed  with  3  per  cent,  of  cast  iron 11^ 

Copper  alloyed  with  3  per  cent,  of  roUed  iron O.SO 

Upon  the  whole,  the  introduction  of  trifling  quantities  of  iron  into  the 
copper  destroys  its  great  softness  and  porosity,  and  considerably  in- 
creases its  tenacity  and  hardness,  without  destroying  its  malleability. 

M.  Bobierre,  in  order  to  obtain  some  idea  of  the  resistance  of  difterent 
metals  to  corrosion,  plunged  some  into  water  containing  alum,  salt,  and 
cream  of  tartar.  I  placed  in  this  liquid  two  plates  of  equal  dimeDsions, 
one  of  pure  copper,  the  other  of  copper  alloyed  with  2  per  cent,  oi  iron* 
The  copper  plate  was  affected  more  quickly  than  the  other,  and  espe- 
cially was  the  portion  of  copper  dissolved  very  strong. 

The  liquor  obtained  with  ferrous  copper  is  green  instead  of  blue. 

At  the  end  of  five  days,  in  operating  upon  two  platen  of  the  same 
size,  weighing  about  15  grammes,  the  plate  of  copper  was  found  to  hi»^^ 
lost  three  decigrams  more  than  the  plate  of  ferrous  copper. 

§  VIL— ALLOYS  OF  COPPEE  Al^D  ZINC. 

The  zinc  which  I  used  had  been  purified  by  two  distillations  in  the 
laboratory  of  the  '^Societede  la  Vieille  Montagne^^  which  generously  ^\^ 
it  at  my  disposal. 

I  undertook  the  study  of  the  various  physical  properties  of  these 
bodies,  as  I  did  of  the  alloys  of  copper  and  tin,  but  I  was  o\X\g^  ^^ 
give  up  the  examination  of  the  fusibility  and  liquation,  because  the 
place  where  I  had  specially  prepared  for  this  work  at  the  mint  was  w^ 
left  at  my  disposal. 

I  have  nothing  special  to  say  on  the  subject  of  their  hardness;  it  iQ* 
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creases  from  the  alloy  90  of  copper  to  that  which  contains  equal  weights 
of  copper  and  of  zinc,  Zn  Cu. 

The  alloy  Zn^  Cu*  and  the  alloy  Zn*  Cu  are  extremely  fragile  and 
break  at  the  first  shor;k  of  the  apparatus  described  before,  and  the  oth- 
ers, containing  more  zinc,  crack  after  a  few  blows. 

The  density  was  determined,  first,  of  some  ingots  weighing  from  60  to 
100  grammes,  then,  on  account  of  the  greatly  differing  texture  of  these 
alloys,  filings  of  them  were  operated  upon'  with  the  greatest  possible 
care.  But  it  is  difficult  even  by  a  sustained  vacuum  to  eliminate  all  the 
bubbles  of  air,  and  I  was  afraid  to  heat  the  filings  several  times  in 
water  in  order  to  secure  the  expulsion  of  the  air,  because  water  is  attacked 
by  zinc  and  the  alloys  rich  in  this  metal }  and,  lastly,  the  volatility  of 
zinc  makes  it  difficult  to  prepare  the  alloys  in  exactly  atomic  proportions* 

I  give  here,  with  these  reservations,  the  results  obtained : 

Table  37. 


& 


I 


& 


Zn«Cu. 
Zn<Ca-. 

Zn«Cu. 
Zn>Cu«. 

Zn  Cn  . . 

Zn«Cu». 
ZnCa>.. 
ZnCu*.. 
ZnCu*.. 
ZnUu". 


Copper 
Zinc . . . 


t 

d 

1 

S 

a 

'g 

alco 
on. 

1 

B^ 

2 

"3 

5 

a 

U 

< 

(  Zn  89. 18  ) 
iCu  10.82: 

89.90 

(  Zn  8o!  48  ?    -o  ^^ 

CZn  67.34?|  ^^  ^ 
}  Cu  32. 66  5    ^-  **" 

CZn  60.78)1  ^  « 
{Cu  39.27  5    ^'^ 


<  Zn  60. 76 
{Cu  40.23 


} 


(  Zd  40. 
,  i  Cu  59. 
Zn  34 
Cu  65. 
(  Zn  20 
{  Cu  79. 
CZn  14. 
\  (Ju  85. 
CZn  9. 
\CvL  90. 


5  Zn  34. 02  \ 
\  Cu  65. 98  S 


1 


74> 
26  5 
02 
98 
49) 

515 

66( 

34} 

35 

65 


60.80 


40.10 
34.50 
21.80 
14.90 
9.60 


Experimental  den- 
sity powder. 


Average. 

7. 883-7. 248  7. 316 

7. 920-7. 807  7. 863 

8.  015-8. 075  >  «  ft^ 
a  012-8. 090  5 

8. 048-7. 969  >  a  ,-, 

a  378-8. 288  5  ^^'^ 


a  852-8. 281  i  a  ofl. 
a301-a374  5   ^"^ 


a  389-a  268 
a  351-8. 430 
a8d5-a349 
a73»-8.429 


a  329 
a  890 
a  367 
a584 


a  900-a  767     a  834 


I 


7.290 
7.216 

7.796 

a  039 

a  263 
a  412 

a  410 

a038 

a  710 

a  753 


s 


o 


7.351 

7.478 

7.679 
7.788 

7.947 

a  119 
a345 
a  489 
a  602 
a  707 


Material  gray,  like  zinc 

C  Material  gray,  like  } 
I     fibrous.  5 

I  Metal  of  the  tint  of 

<  antimony,  pnlrer 
i    ixable. 

'Brilliant  metal,  re- 
sembling bismuth; 
less   tr^le   than 
the  preceding. 
rMatenal  with   Ion, 

<  iibers  of  a  beant 
(     ful  golden  yellow 

Less  yellow  than  the  } 
preceding.  5 

Brass,  ordinary  yel 
low  copper. 

....do 


'\ 


ii 


} 


do 

C  Substance      resem 
I  bling  gold;  similar. 


M 


if- 1 

C  9  e  vB 


1. 75—. 
Breaks. 

Do. 
Do. 

1.40««. 

2 

2.30 
a  25 
a  60 

2.50 

6 
a  25 


We  see  by  examining  this  table  that  the  contraction  of  the  two  met- 
als in  lihese  alloys  is  considerable  from  the  second  to  the  sixth ;  it  seems 
to  be  at  its  maximum  in  the  neighborhood  of  the  alloy  Zn®  Cu^,  which  is 
also  remarkable  like  the  preceding  one  in  that  it  possesses  none  of  the 
physical  and  mechanical  properties  which  are  utilized  in  the  metals.  ^ 
They  are  eminently  crystalline  and  fragile,  and  appear  to  be  in  the* 
series  of  these  alloys  what  the  alloys  Sn  Cu^  and  Sn  Ou*  are  in  the  alloys 
of  copper  and  tin.  The  theoretical  destiny  has  been  calculated  with  the 
number  of  7.20  that  I  found  to  be  the  average  of  four  concordant  determi- 
nations on  metallic  zinc.  Afterward  the  action  tbat  tempering,  anneal- 
ing, and  rolling  exert  on  the  principal  brasses  utilized  in  manufacture 
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was  determined ;  a,  yellow  brass  containing  65  i>arts  copper  and  35  zinc; 
by  metal  of  97  parts  copper  and  9  zinc. 

1.  Alternate  tempering  and  annealing, 

a.  Brass. 

Table  38. 


After  Tollinff . . . . 
After  aimeaTing. 
After  tempering 
After  annealing 
After  tempering 
Aiter  annealing. 


I. 

P= 771^.071. 


&407 
S.4QB 
8.412 
e.405 
&417 
8.410 


n. 

P=82r.?n. 


&406 
&413 
&415 

S.415 
a  418 
&414 


After  rolling 

After  tempering^ 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 


Denoity. 


m. 

P=80S'.782. 


a4oo 

a406 

a  401 
a  417 

a407 

.a  431 


IV. 

P=89r.07«. 


a  417 
a  411 
8.400 
a  413 

a  411 
a4si 


h.  Similar. 


Tabls  39. 


After  rolling 

A  iter  tempering 
After  annealing. 
After  tempering 
After  annealing. 
After  tempering 


Density. 


I. 

P=:  921^.568. 


a  812 
a  814 
a  813 
a  812 
a  813 
a  814 


IL 


8817 

a  819 

8614 
&8I4 
8815 
8814 


After  rolling 

After  aDnoaling. 
After  tempering 
After  annealing. 
After  tempering 
*  After  annealing. 


Density. 


ni. 

PsIMK^.SOS. 


a  818 

a  813 
a  812 
a  810 
a  814 
a  815 


IV. 
p=:9ap.2l)8> 


8818 

8817 

a  816 

8813 
8813 
8813 


Thus  tempering  increases  the  density  of  annealed  brass,  a.    These  two 
operations  do  not  cause  any  apparent  modifications  in  the  volume  of  o- 
2.  Alternate  annealing  or  tempering  and  rolling, 
a.  Brass. 
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Table  40. 


After 
After 
After 
After 
After 
After 
After 
After 
After 
After 


TolUng 

tempering 
roUing.... 
tenrpering 

rolling 

tempering 

rolling 

tempering 
rolling.... 
tempering 


Density. 


I. 

n. 

P»81P.366. 

P  =  87P.447. 

&409 

a  412 

8.410 

a  411 

a  414 

a  415 

a  431 

a  427 

8443 

a  436 

8433 

a436 

a  439 

a  444 

a437 

a437 

a439 

a437 

a445 

a443 

■ 

Density. 

« 

ML 

P  =  76«'.412. 

p« 

IV. 
«98B'.172. 

After  rollinir. x 

a  408 
a  411 
a  417 
a  409 
a  424 
a898 
a  426 

a  414 

a437 

a  421 

• 

a  411 

After  Anneaiinir , ...................t..^ .t.. 

a  415 

After  rollinir ........t. 

a  419 

AA-fr  AnnAOuinir- ,.... -.......,.- ^.....r r -- 

a  417 

After  rolline - 

a  427 

A  itpr  annefliiinir .,...,, t. 

a  402 

After  rollins 

8.432 

A  fter  anneauins ...y 

a  424 

After  rollinff 

a  442 

Aftp.r  AnnealiniT 

a430 

Table  41. 


After  rolling — 
After  tempering 
After  roll  mg  — 
After  tempering 
After  rolling  ... 
After  tempering 

After  rolling 

After  tempering 
After  rolling  ... 
After  tempering 


Density. 


L 

>92ir.84a 


a  819 

a  818 
a  813 
a  817 
a  819 
a  817 
a  818 
a  811 

a822 

a  817 


n. 

P  =  94^.365. 


a  820 
a  820 

a  814 
a  819 
a  818 
a  817 
a  816 
a  812 
a  811 
a  819 


After  rolling.... 
After  anneiding 
After  rollln;;.... 
After  annealing 
After  rolling.... 
After  annealing 
After  rollins  .. 
After  annealing 

After  rolling 

After  annealing 


Density. 


a  819 
a  817 
a  816 
8.822 
a  818 
a  819 

a  815 
a  813 
a  819 

a806 


a  819 
a  812 
a  817 
a  816 
a  818 
a  819 
a  818 
a  818 

a  820 
8  808 
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In  these  experiments  the  thickness  was  reduced  from  20  milimeteis 
to  2.  It  is  shown  by  these  numbers  that  the  density  of  brass  is  dimin 
ished  by  annealing  while  it  is  increased  by  rolling,  and  tfaat  the  denidty 
after  a  long  Reries  of  operations  varies  but  little.  The  density  is  increased 
still  more  by  tempering.  It  is  said  by  the  experienced  that  annealing  is 
preferable  to  tempering  in  working  with  brass. 

Metal  b  (similar)  shows  no  material  variation  in  its  volume  after  these 
prolonged  operations,  and  after  a  considerable  thinning.  The  same 
thing  is  true  in  regard  to  aluminium  bronze,  which,  like  the  metal  b,  h 
capable  of  being  worked  to  a  remarkable  degree. 

§  Vin.— BRONZES  OF  ALUMINIUM. 

Alloy  of  copper  and  nickeL 

The  bronzes  came  from  P.  Mouri  &  Co.'s. 
Ist  a.  Bronze  with  10  per  cent,  of  aluminium. 

Table  42. 


After  coating... 
After  teippering 
After  annealing 
After  tempering 
After  annealing 

After  impact 

After  tempering 
After  impact 


D&uity. 


I. 

TL 

P^130r.668. 

P-120F.275. 

7.705 

7.704 

7.706 

7.704 

7.706 

7.705 

7,707 

7.707 

7.703 

7.704 

7.703 

7.702 

7.701 

7.702 

7.000 

7.703 

h.  Bronze  with  5  per  cent  of  aluminium. 


Tablr  43. 


After  caetlng  . . . 
After  tempering 
After  anneiding. 
After  tempering 
After  annealing. 
After  impact  — 
After  tempering 
After  impact ... 


Density. 


I. 
129^.575. 


&252 
&2S0 
&256 
&257 
&257 

&263 
&283 


n. 

129r.lCL 


&S62 
8,239 
&262 
&262 
a262 
&264 
&264 
a265 


Tempering,  annealing,  and  mechanical  action  produce  no  noticeable 
variation  in  the  volume  of  these  alloys,  of  which  the  working  is  very 
regular. 

2d,  Alloy  of  copper  50,  zinc  30,  nickel  20,  used  in  tJie  manufacture  of  coin 
Jor  the  Honduras, 
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Table  44. 


After  coating . . . 
After  tempering 
After  annealing. 
After  tempering 
After  annealing. 


Density. 


I. 


a539 
&520 
a  524 
a  509 

a  510 


II. 

PsSSf.TSO. 


a539 
a  524 
a  520 
a504 
a504 


Density. 

III. 

P  =  110P.004. 

After  casting 8.505 

After  striking^ 8,586 

After  annealing 8.556 

After  Htrikine 8.589 

After  tempering 8.577 

After  striking «.589 

Density  which  is  increased  by  mechanical  action  is  diminished  by  the 
action  of  heat. 

§  IX.— SOFT  lEOIir.— OAST  IRON.— GLASS. 

1st.  Soft  iron, — ^The  metal  was  of  good  iron  having  the  form  of  a  par- 
allelopiped.  It  was  heated  in  a  porcelain  tube  in  the  midst  of  a  current 
of  dry  hydrogen.    The  annealing  continued  for  two  or  three  hours. 

Table  45. 


After  filing 

After  annealing 

After  tempering 

After  annealing 

Aftorimpact    

After  annealing 

After  impact 

After  annealing 

Alter  impact 

After  repeated  impact 


Density. 


L 

P  =  76«'.U0. 


7.863 
7.853 
7.852 
7.854 
7.845 
7.845 
7.842 
7.841 
7.848 
7.844 


II. 
P  =  54«'.090. 


7.849 
7.850 
7.845 
7.840 
7.840 
7.845 
7.841 
7.841 
7.844 
7.847 


After  filing 

After  tempering 

After  annealing 

After  tempering 

After  impact 

After  annealing 

After  im  pact 

After  annealing 

After  impact 

After  repeated  impact 


Density. 


m. 

P  =  75»'.110. 


7.853 
7.846 
7.853 
7,850 
7.847 
7.846 
7.845 
^.843 
7.847 
7.846 


IV. 

P  =  54^.000. 


7.852 
7.848 
7.853 
7.851 
7.H47 
7. 846 
7.844 
7.844 
7.848 
7.850 
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2d.  Oray  cast  iron — its  permeability  to  liquids. — ^It  was  impossible  to 
determine  the  variations  in  Tolame  which  gray  cast  iron  undergoes  when 
tempered  or  annealed,  because  it  is  permeable  to  liquids.  This  porosity 
is  very  great,  whether  the  metal  be  heated  in  coal  dust  or  expose,  d  to  the 
air  during  the  operation. 

a.  Cast  iron  reheated  in  coal : 

Tabus  46. 


After  mnealing. 
After  temperin^i; 
After  annealing. 


Density. 


I; 


7.080 
7.025 
6l844 


n. 


7.0W 
7.040 
6l014 


m. 


rv. 


7.114 
7.038 
e.833 


7.060 

7.019 

e.914 


My  attention  having  been  called  to  the  great  diminution  in  density,  I 
weighed  the  samples,  and  ascertained  that  their  weights  inerease<l  con* 
siderably  in  water  under  the  ordinary  pressure.    Thus  they  weighed — 


Gr. 

After  the  preceding  annealing 75. 512 

And  after  20  minutes  in  water 75. 585 


Gain  in  weight 0.073 


Gr. 

75.668 
75.770 

0.102 


Gr.  Gr. 

70. 191  7a  134 

70.265  Not  weighed. 


0.074 


The  following  table  shows  that  this  increase  in  weight  takes  place 
with  non -oxygenized  liquids  like  benzine^and  that  it  is  due  simply  to  the 
absorption  of  the  liquid,  for  by  merely  being  exi>osed  to  the  air  cast  iron 
regains  its  original  weight. 


Tabi^  47. 


Gr. 


Weight  of  a  sample  of  fine  gray  steel  annealed  in  coal 64. 937 

Weight  of  this  sample  after  20  hoars'  immersion  in  henziue 65. 018 

Weight  of  this  sample  after  24  hours  in  the  air 64.  d40 

Weight  of  this  sample  after  a  second  annealing  of  3  honrs 64. 996 

Weight  of  this  sample  after  3  hours'  immersion  in  henzine 65^  110 

Weight  of  this  sample  after  24  hours'  in  the  air 65, 001 

Weight  of  this  sample  after  a  third  annealing  of  3  honrs 65. 100 

Weight  of  this  sample  after  20  hours'  immersion  in  benzine 65.275 


Gain  in  -vreielit 
of  the  Uqnid. 


0.081 


0.114 


0.175 


Weight  of  this  sample  after  24  hours  in  the  air 65. 103 

Cast  iron,  known  to  be  porous,  was  filed  to  a  thickness  of  1  millime- 
ter over  the  whole  surface,  then  immersed  in  benzine.  The  permeability 
was  restored  in  the  inner  layers. 

A  third  series  of  experiments  was  made  in  order  to  determine  tlie 
effect  of  annealing  and  tempering  on  this  porosity,  and  the  results  are 
here  given : 

Table  48. 

Gr. 

Weight  of  a  sample  of  tempered  cast  iron 70.215 

Weight  of  a  sample  after  a  half  hour  in  henzine 70.270 


Gain  in 
'weight. 


Weight  of  a  sample  after  48  hours  in  the  air 70.214 

Weight  of  a  sample  after  24  hours  in  henzine 70.311 


0.<^ 


0.095 
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Gr. 

Weight  of  a  sample  after  48  hours  in  the  air 70.216 

It  was  thoroughly  aDnealed. 

Weight  in  the  air 70.304 

Weight  after  18  hours  iii  henzine 70.395 

Weight  after  48  hours  in  the  air 70.306 

Weight  of  a  sample  of  annealed  cast  iron 75.733 

Weight  of  same  after  half  an  hoar  in  benzine 75.820 

Weight  of  same  after  48  hours  in  air 75.735 

Weight  of  same  after  24  hours  in  benzine ^ ^..  75.875 

Weight  of  same  after  48  hoars  in  air 75.735 

It  was  tempered  hard. 

Weight  in  the  air 75.761 

Weight  after  18  hours  in  benzine 75.893 

Weight  after  48  hours  in  air 75.758 

b.  Cast  iron  reheated  in  a  omcihle  placed  in  the  muffle. 

Table  49. 

Weight  of  a  sample  of  fine  gray  cast  iron  annealed  in  the  open  air 63. 652 

Weight  of  this  sample  after  an  immersion  of  20  hours  in  benzine 63. 830 

Weight  of  this  sample  after  being  exposed  to  the  air  for  24  hours 63. 755 

Weight  of  this  sample  after  a  second  annealing  of  3  hours  in  the 

muffle 60.362 

Weight  of  this  sample  after  20  hours'  immersion  in  benzine 60. 493 

Weight  of  this  sample  after  24  hoars'  exposure  to  the  air 60. 362 

NV eight  of  this  sample  after  a  third  annealing  in  the  muffle 55.52!i 

Weight  of  this  sample  after  20  hours'  immersion  in  benzine 55. 700 


Gain  in 
weight. 


0.091 


0.087 


0.140 


0.132 


0.078 


0.131 


0.177 


Weight  of  this  sample  after  24  hours'  exposure  to  the  air 55. 525 

Steel,  soft  iron,  brass,  and  bronze  under  the  same  conditions  do  not  vary 
in  weignt. 

3d.  Okiss  and  crystal. — MM.  Chevandrier  and  Wertheim  have  shown* 
that  annealing  increases  the  density  of  glass  and  crystal.  I  made  some 
experiments  on  these  materials  as  limits  of  compression  in  order  to  de- 
termine whether  the  alternate  action  of  tempering  and  annealing  affects 
this  density.  I  found  that  tempering  materially  diminishes  this  density, 
while  annealing  tempered  glass  increases  it,  and  reciprocally. 

Table  50. 


Crystal  of  M,  MaSa, 
Samples  weighing  from  ^1  to  180  grammes. 


Density. 

* 

After flnnealinir ..r-x.. .......... 

alio 
a  104 

8.102 
3.103 

8.111 
tf.108 
8.103 
3.109 

3.110 
3.]0i 
8.101 
3.107 

3.110 

3.110 

The  nam<>  not  annonled 

The  same  temnered 

8.009 
8.106 

• 

The«?A  l?Mit  ^nnflAled -. .-..., 

*MM.  Chevandrier  and  Wertheim,  Ann,  de  Chim,  et  de  Phys,,  3  s^rie^  t.  xix,  p.  is/. 
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FUni  of  M.  Fea. 
SunplM  weighed  80  to  70  gnunmM. 


A  fter  anneallniE . 
After  tempering 

After  temp'^ring 
After  annealing . 


Groum  of  If.  Foil. 


After  annealing- 

After  tempering ^ 

After  tempering 

After  Kunealing 


J>eMuAtj,^ 


2.551 
2.644 

2.544 

2.551 


2.551 
2.543 

2.644 
Broke. 


2.543 
Broka 


1st.  The  alloys  of  copper  and  tin  prepared  in  atomic  proportions  ex- 
hibit a  sensible  liquation  with  the  exception  of  those  which  correispoDd 
to  the  formnlsB  Sn  Cu^  and  Sn  Gu^.  This  liqaation,  slight  from  the  alloy 
Sn  Cu^,  increases  in  the  alloys  which  dififer  from  it  in  their  composition, 
bat  it  is  especially  great  in  the  alloys  containing  a  large  proportion  of 
tin.  By  reason  of  this  fact  it  has  been  impossible  to  determine  the  fusi- 
bility of  any  except  the  two  alloys  given  above  (§  I). 

2d.  The  alloy  Sn  Cu^  is  characterized  by  special  properties.  It  has  a 
different  color  from  the  others ;  it  is  x>alverizable;  it  exhibits  no  sensible 
liquation,  and  it  is,  of  all  the  various  alloys  of  copper  and  tin,  the  one  in 
which  the  contraction  is  at  its  maximum.  It  is,  then,  the  homogeneoos 
alloy  of  copper  and  tin,  as  the  alloy  Ag^  Cu*  is  the  homogeneous  alloy  of 
copper  and  silver.  In  paragraph  II  is  given  the  density  of  the  principal 
alloys  of  copper  and  tin  prepared  in  atomic  proportions.  An  idea  of 
their  hardness  is  given  in  the  following  paragraph. 

3d.  The  bronzes  rich  in  tin  (18  to  22  per  cent.)  increase  in  density  ^th 
tempering ;  and  annealing  lessens  the  density  of  tempered  bronze,  but 
in  a  less  proportion.  The  density  is  considerably  increased  by  the  alter- 
nate action  of  tempering  and  annealing,  and  of  the  press.  These  effects, 
the  reverse  of  those  in  steel,  coincide  with  the  fact  that  tempering  softens 
bronze  while  it  hardens  steel  (§  IV). 

4th.  This  softening,  discovered  by  D'Arcet,  is  not  sufficient  to  allow 
of  this  bronze  being  worked  cold  for  industrial  purposes.  It  wassboirfl 
in  paragraph  IV  that  this  metal — extremely  hard  when  cold  and  pulver- 
izable  at  red  heat-r-is  forged  and  rolled  at  dark  red  heat  with  remarkable 
facility.  Th  is  fact  enabled  me,  in  common  with  M.  Champion,  to  succeed 
in  the  manufacture  of  tamtams,  and  other  sonorous  instruments,  by  tlie 
method  followed  in  the  East. 

5th.  Tempering  produced  no  apparent  softening  in  the  bronzes  less  ricb 
in  tin  (12  to  6  per  cent.);  and  if  they  are  tempered  for  industrial  uses  it 
is  more  especially  in  order  to  detach  the  oxide  produced  during  the  re- 
heating of  the  matter  in  the  course  of  the  operations  (§  VI). 

6th.  It  was  found  that  in  the  axis  of  a  cannon,  and  especially  to^^ 
the  muzzle,  there  are  some  parts  very  rich  in  tin  and  in  zinc.    Yet  the 
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axis  is  less  rich  in  tin  than  the  periphery.  The  density  does  not  increase 
from  the  mnzzle  to  the  breech. 

7th.  Bronzes  of  3  and  4  x)er  cent,  of  tin  possess  some  great  advantages 
and  no  important  disadvantages^  when  used  in  the  manufacture  of  med- 
als. 

8th.  The  density  of  copper  (§  VI),  subjected  alternately  to  mechanical 
action,  then  to  tempenng'or  annealing,  displays  inverse  variations  accord- 
ing as  it  is  exposed  to  the  air  or  sheltered  from  it  during  the  reheating; 
while  in  the  first  case  the  mechanical  action  increases  the  density,  in  the 
second  mechauical  action  diminishes  the  density. 

9th.  Some  copper,  non-porous,  becomes^  sufficiently  so  by  being  re- 
heated in  coal  dust  to  acquire  permeability  to  liquids  (§  VI). 

10th.  Intense  heat,  prolonged  rolling,  and  the  oxide  which  forms  when 
the  metal  is  exposed  to  the  air  during  reheating,  render  small  quantities 
of  iron  permeable  to  liquids. 

11th.  The  introduction  of  small  quantities  of  iron  into  the  copper 
gives  to  it  considerable  tenacity  without  destroying  its  ductility;  while 
rolled  copper  offers  a  resistance  of  28  kilograms  per  square  millimeter, 
that  of  ferrous  copper  rolled  in  the  same  conditions  attains  to  40  kilo- 
grams.   The  hardness  increases  equally  (§  VI). 

12th.  The  alloys  of  copper  and  zinc  Zn^  Cu^,  Zn*  Cu,  are  brittle,  like 
the  bronzes  Sn  Cu^,  Sn  Cu^;  they  have  none  of  the  physical  properties 
iitilized  in  the  metals,  and  the  maximum  of  contraction  takes  place  near 
them  (§  VII). 

13th.  Mechanical  action  increases  the  density  of  yellow  brass,  and 
this  effect  is  counteracted  in  part  by  tempering,  and  especially  by  anneal- 
ing. It  is  thought  that  annealing  is  preferable  to  tempering  in  working 
with  brass. 

14th.  Mechanical  action,  tempering,  and  annealing  do  not  sensibly 
change  the  volume  of  similor  and  of  the  bronzes  of  aluminium,  alloys 
remarkable  for  the  facility  with  which  they  can  be  worked  (§  VIII), 

loth.  Gray  cast  iron  heated  in  coal  dust  or  even  in  an  empty  box 
surrounded  with  coal,  acquires  such  a  porosity  that  it  becomes  very  per- 
meable to  liquids  (§  IX). 

16th.  It  becomes  equally  porous  when  heated  in  an  empty  crucible 
placed  in  a  muffle,  and  when  the  sample  is  filed  in  order  to  <remove  the 
oxide  which  is  formed.    Copper  is  not  porous  in  this  last  condition. 

17th.  I  attempted  to  determine  minutely  the  modifications  which  the 
density  undergoes  through  tempering,  annealing,  and  mechanical  action, 
repeated  alternately  a  certain  number  of  times,  and  the  effects  observed 
were  different.  While  mechanical  action  increases  the  density  of  the 
bronzes  rich  in  tin,  especially  (Table  8)  of  porous  copper  (Table  28),  of 
copper  alloyed  with  iron  ^Table  35),  of  brass,  it  evidently  diminishes  the 
density  of  copper  exposea  to  the  air  during  reheating  (Table  23),  and  it 
produces  no  noticeable  alteration  in  the  volume  of  similor  or  ot  alumini- 
um bronze.  Tempering  produces  on  brass,  and  especially  on  the  bronzes 
rich  in  tin  previously  annealed,  an  increase  in  density  (Tables  5,  6,  and 
7)  contrary  to  what  takes  place  in  steel  (Table  11),  copper  (Tables  27 
and  28),  and  glass  (Table  50). 

It  will  be  perceived  that  tempering  diminishes  the  density  of  a  body, 
because  the  surface  cooled  before  the  center  cannot  contract  freely  by 
reason  of  the  resistance  that  the  interior  parts  dilated  at  this  moment 
offer  to  contraction. 

Copper  and  tin  and  copper  and  zinc  contract  when  they  unite,  and 
for  the  rest,  the  alloys  formed  experience  large  liquation.  May  it  not  be 
possible  that  by  slow  cooling  a  part  of  the  copper  and  of  the  tin,  or  of 
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the  zinc  separates,  a  phenomenoD  which  shonld  cause  a  diipinntioii  is 
density,  and  which  cannot  take  place  when  the  cooling  is  sudden*  I  am 
endeavoring  to  clear  np  this  point  by  the  study  of  various  slight  chem- 
ical actions  on  these  alloys  and  by  examining  the  modfiications  which 
take  place  in  the  density  of  the  alloys  formed  with  dilatation  of  the 
metals  which  constitnte  them. 

I  may  be  allowed,  in  closing,  to  thank  M.  Dumas  and  M.  Poussierre 
for  the  facilities  for  working  which  they  procured  for  me  at  the  mint 
where  these  researches  were  carried  on. 
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